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PREFACE

This paper was prepared for the Ballistic Missile Defense Organization (BMDO) as

a follow-on effort for the Task Order "Software Testing of Strategic Defense Systems." It

fulfills an objective of this subtask, to assist the BMDO in planning, executing, and moni-

toring software testing and evaluation research, development, and practice.

This paper is a supplement to IDA Paper P-2769, An Examination of Selected Soft-
ware Tools: 1992. It reports the results of examining another 8 static and dynamic analysis

tools in addition to the 27 testing tools originally presented in P-2769.

0 This paper was reviewed by Dr. Dennis Fife, a research staff member of the Institute

for Defense Analyses.
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FOREWORD

This report is a continuation of IDA Paper P-2769, An Examination of Selected Soft-

ware Testing Tools: 1992 [Youngblut 1992]. From Part I of P-2769, the introductory sec-

tions (Sections 1 through 3) also apply to the current report and, in the interests of space,

have not been repeated. Section 4, "Approach and Methods," of P-2769 identified the

examined tools and the examination approach. In this update, Table 1 identifies the tools

recently examined and, for convenience, the original tool list is repeated in Table 2. An

additional trial Ada program was included to demonstrate tool capabilities for testing con-
current Ada software, the Real-Time Temperature Sensor as described by Nielsen [1988].

Table 1.Tools Examined In this IDA Study

LANGUAGES TEST
SUPPORTED CAPABILITI[ES

TOOL NAME TOOL SUPPLIER

+ A~

ACVr McCabe & Associates - 171 q
Ada-ASSURED GrammaTech, Inc. -

AdaTEST Information Processing Ltd. T - -

Batlemanb McCabe & Associates T T T T - - T /
CodeBreaker McCabe & Associates T T T T -T

METRIC, Software Research, Inc. .1 T T T-
McCabe Instrumentation Tool McCabe & Associates 7 T T T T T
SLICE McCabe & Associates T T - - - -

a. Used with McCabe Instrumentation Tool for graphical reporting of unit coverage.
b. Used with McCabe Instrumentmion Tool for graphical repoting of design sublree coverage.
c. New component of the Software TestWorks (STW) toolset

Sections in P-2769 on static and dynamic analysis are repeated here, extended with

information for the newly examined tools. Since these new tools did not provide explicit

support for test management or problem reporting, the corresponding sections from P-2769
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have not been repeated. The findings remain unchanged and also are not repeated. Part In

presented tool and supplier profiles for the previously examined tools. This has been updat-
ed to include information on the new tools. The remainder of Part II consists of tool exam- S
ination reports that supplement the examination reports provided in P-2769.

Table 2,Tools Examined In the Previous IDA Study

LANGUAGES TEST
SUPPORTED CAPABILITIES

TOOL NAME TOOL SUPPLIER 5 & - •

+U

+

ADADL Processor Software Systems Design - - -

AdaQuest General Research Corp. -- T •
AutoFlow-Ada AutoCASE Technology ' - - T-
DDTs QualTrak Corp. + + + + +

EDSA Array Systems Computing, Inc. --

GrafBrowse Software Systems Design T T - T-
LDRA Testbed Program Analysers, Ltd. T 7 7 7 F 7" 7"
Logiscope Verilog, Inc. T 7" 7 T T - - 7 7
MALPAS TA Consultancy Services, Ltd. T/ 7" - / T T- /
Metrics Manager Computer Power Group, Inc. + + + + + .-
QES/Manager Quality Engineering Software, Inc. + + + + + --

QualGen Software Systems Design T 7" - T-
S-TCAT Software Research, Inc. -/7" T - - 7 /

SQA:Manager Software Quality Automation + + + + + 77 7-
SRE Toolkit Software Quality Engineering + + + + + --

SoftTest Bender & Associates + + + + '-
T Programming Environments, Inc. + + + + .+"
T-PLAN Software Quality Assurance, Ltd. + + + + + 7 -

TBGEN Testwell Oy q --

TCAT Software Research. Inc. N 7 7 T T - 7
TCAT-PATH Software Research, Inc. 7 7 T T - - 7
TCMON Testwell Oy 4 7" T -"

TDGen Software Research, Inc. + + + .+

TSCOPE Software Research, Inc. + + + + + I" 0
TST STARS Foundation Repository - - T 7
Test/Cycle Computer Power Group, Inc. + + + + + T T
Testoen Software Systems Design 7 - -- - 7 7

+ - Language independent
F - Future capability

vi
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7. STATIC ANALYSIS

Static analysis is used to determine the presence or absence of particular, limited
classes of errors, to produce certain kinds of software documentation, and to assess various

characteristics of software quality. Unlike dynamic analysis, static analysis can sometimes

* be performed on incomplete or partly development products and does not necessitate costly
test environments. It cannot, however, replace dynamic analysis, although it can be used to

guide and focus dynamic testing. Previously, Table 1-I and Table 1-2 identified 19 tools as

supporting static analysis. The functions provided by these tools are summarized in Table

7-1. (For convenience, this and all subsequent tables use shading to highlight the newly

examined tools.)

7.1 Complexity Analysis

Complexity measures can be put to various test-related uses. McCabe [1982] has
developed a method, Structured Testing, that uses cyclomatic complexity to guide the
selection of a minimum set of required paths to test. Complexity measures are also used to
estimate the number of defects present in a piece of software, to identify pieces of code that
are potentially defective, and to estimate needed development effort.

Models for estimating program complexity have been based on various character-
istics of software structure and semantics. The best-known set of complexity measures are
all applied at the program unit level. They are McCabe's cyclomatic complexity metrics
and Halstead's software science metrics [1977]. Whereas cyclomatic complexity is control
oriented, the Halstead metrics are text oriented. As well as variations on each of these mea-
sures, there are many other unit-level measures. In contrast, relatively few measures for
assessing design-level complexity have been proposed. Perhaps the most common design-
level measures are those developed by Mohanty [1976] that are based on a call graph and

basic subtrees, a variation on cyclomatic complexity. Measures for assessing requirements

complexity are similarly scarce and not supported by any of the examined tools. Table 7-2
identifies the different types of complexity measures that are provided.
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0

Table 7-1. Static Analysis Capabilities of Examined Tools
-- -- --- � -

Control Flow
Analysis - .!

- - m - 02

02 02 0
02

.3 a U

TOOLNAME 0 0.� *1.. ii
hw

E � � � �

ADADL Processor - - - - - - - - - - 0
AutoFlow-Ada-------------------------------F - - -�

EDSA ---------

GrafBrowse - 7 --

LDRATestbed 77 TT7 7 7TT 7 -- 7
Logiscope 77777777
MALPAS 77 77 _ 7 T� -- 77-

-------------------------------------
- - 77 �

TCAT - - T7 7 7
TCAT-PATh 7 TT 7 7
TST - - - - -

TestOen _

F Fuwre capabihty

Twenty years of theoretical and empirical evaluations have failed to produce con

sistent, hard evidence of the accuracy of particular measures or on the respective value of

other measures. Consequently these measures should be used as indicators rather than as

absolute measures of software properties

0
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Table 7-2. Supported Complexity Measures

Unit Level Integ
Level

*TOOLNAME C6 0

A A

ADADL Processor --
LDRA Testbed T T 7 TT 777
Logascop
MALPAS

TCAT-PATH 7 - - - 7 7
TestGen -

. . . . . . . . . . . . . . .** *.*. . ..*~.*.*.* .. ... .~ .. .~ *... .* .* .*.* .* .. .. . .. *. ......

F - Futuu capability

7.2 Data Flow Analysis

Data flow analysis is based on consideration of the sequences of events that occur

along the various paths through a program. It is used to detect data flow anomalies, of which

three types are commonly recognized: (1) a variable whose value is undefined is refer-

enced, (2) a defined variable is redefined before it is referenced, or (3) a defined variable is

undefined before it is referenced. While the first of these indicates an actual program defect,

the second and third types of anomaly may indicate questionable variable use rather than

specific defects.

Since the analysis technique assumes that all paths through the program are feasi-

ble, some reported anomalies may be superfluous. Data flow analysis also can be used to

categorize procedure parameters as referenced only, defined only, both defined and refer-

enced, or not used.

LDRA Testbed, MALPAS, and EDSA support static data flow analysis. LDRA

Testbed performs weak data flow analysis to identify data flow anomalies of the types men-
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tioned above. It also analyzes procedures calls across procedure boundaries to report on

procedure parameter use. MALPAS refines the classification of data flow anomalies. For

example, a data variable that is redefined before it is referenced may be classified as either 0
an instance where data is written twice without an intervening read, or as data being written

with no subsequent access on a given path. Given a list of procedure input and output
parameters, MALPAS compares these with the classes of data to produce a table of possible
errors. EDSA uses interactive data flow analysis to facilitate program browsing. 0

7.3 Control Flow Analysis

Control flow analysis is a process of examining a program structure and ide 1ving
major features such as entry and exit points, loops, unreachable code, and paths -, n a

program. This information can be used to determine program complexity and to aid u. plan-
ning a dynamic test strategy. It can help to decide on strategies for further analysis, for
example, to identify where it might be beneficial to partition the code to reduce the number

of paths and, hence, facilitate semantic analysis. The results of control flow analysis can
also be used to prepare a diagram of the program structure that can aid a user in document

ing and understanding a piece of software.

Control flow analysis is provided by the majority of tools that support static analy-
sis. MALPAS, TestGen, LDRA Testbed, and the TCAT family all report on unreachable
paths. These may be generated as a result of program syntax, for example, as a result of end

if statements, or the position of a return statement. Even though they do not necessarily

imply a defect, the occurrence of unreachable paths should be checked. Some of the exam-
ined tools go farther. LDRA Testbed, for example, also reports on unreachable branches I
and other structural units.

Several of the tools use control flow analysis to generate a graphical representation
of a program's structure as a logical flow chart or directed graph. This allows visual inspec-

tion of program structure and complexity, and can facilitate program understanding at the

unit level. ACT, AutoFlow-Ada, Battlemap, LDRA Testbed, Logiscope, TCAT, and TCAT-
PATH all generate fairly sophisticated graphs of a program's structure. AutoFlow-Ada, in
particular, provides a user with considerable flexibility in generating a high-quality graph-

ical flow chart. TestGen uses textual facilities to produce a more primitive graph. Although
MALPAS does not directly produce a directed graph, its list of nodes, with identification of
successor and predecessor nodes, helps a user to draw this graph. Graphical representation
of the calling relationship between program units also facilitates program understanding.

6
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Battlemap, GrafBrowse, LDRA Testbed, Logiscope, and S-TCAT generate call graphs or

call trees.

The identification of paths through a program is useful for estimating the resources

needed for dynamic analysis and then guiding this testing. ACT, AdaQuest, LDRA Testbed,

Logiscope, MALPAS, TCAT-PATH, TST, and TestGen all provide this capability. Even

more useful, ACT, LDRA Testbed, Logiscope, and TestGen explicitly identify the values

of logical conditions necessary to cause particular paths to be followed (in the case of ACT,
these are the set of paths required for McCabe's Structured Testing method). Battlemap
identifies the design subtrees that form the integration structure of a program and also the
values of logical conditions necessary to cause particular subtrees to be followed (in this
case, the tool distinguishes between the full set of design subtrees and the more limited set
of cyclomatic subtrees).

ACT, AdaTEST, Battlemap, Logiscope, METRIC, TCAT, TCAT-PATH, and S-
TCAT report on various code statistics. These statistics range from measures such as the
total number of dynamic memory allocations, to measures of the average, minimum, and
maximum path length. EDSA provides interactive control flow analysis to facilitate brows-
ing along program paths.

0 MALPAS, LDRA Testbed, and Logiscope perform structure analysis to verify a
program's conformance to the principles of structured programming. Here LDRA Testbed

matches templates of acceptable structures with the directed graph of a program on a mod-

ule by module basis. Matching structures are successively collapsed to a single node until
0 either a single node is left, indicating a structured program, or an irreducible state, indicat-

ing an unstructured program. MALPAS and Logiscope perform a similar reduction to eval-

uate the structure.

CodeBreaker is unusual in that it is designed to serve a single purpose. It uses struc-
ture analysis to compare the design structures of two (sub)programs or to compare the con-
trol structures of two individual modules. Any discrepancies between the two are identified.

7.4 Information Flow Analysis

0 Information flow analysis is used to examine program variable interdependencies.

This helps to isolate inadvertent or unwanted dependencies, to indicate how a program can

be broken down into subprograms, and to identify the scope of program changes. For secu-

rity applications, it can be used to aid the identification of spurious or unknown code. Addi-

7



tionally, it supports dynamic testing by identifying which inputs need to be exercised to

affect which outputs.
S

Both LDRA Testbed and MALPAS provide this capability. Currently LDRA Test-
bed is limited to identifying backward dependencies on a procedure by procedure basis and
characterizes variables as strongly or weakly dependent. Future versions of LDRA Testbed
will include forward dependencies to identify variables that can be affected by a particular
input variable. It will also support information flow dependence assertions to allow com-
parison of expected dependencies with actual dependencies.

MALPAS identifies all of a program's inputs and examines each executable path to
identify dependencies for each output variable. These dependencies include the input vari-

ables, constants, and conditional statements on which it depends. It reports on program unit
inputs and outputs, which may be more than those passed as parameters. MALPAS also

identifies redundant statements.

7.5 Standards Conformance Analysis

Auditors are used to check the conformance of a program to a set of standards. For
Ballistic Missile Defense (BMD) software, the Software Productivity Consortium (SPC)
Ada Quality and Style: Guidelines for Professional Programmers [SPC 19911 defines the
required standards. Ada-ASSURED supports these guidelines, as does ADAMAT, dis-
cussed in the Ballistic Missile Defense Organization (BMDO) Computer Resources Work-
ing Group (CRWG) study.

LDRA Testbed checks conformance to a set of standards of interest to the program- 0
ming community; this includes much of the Safe Ada Subset. Individual standards can be
disabled and the user can weight particular standards or specify acceptance limits, where
appropriate. TST reports on conformance to a set of portability standards.

7.6 Quality Analysis

As already mentioned, several tools report on particular quality characteristics such
as complexity and compliance with standards. There are, however, many other quality
characteristics that provide insight into code maintainability and portability, for example.

One of the examined tools, Logiscope, employs the Rome Air Development Center
(RADC) quality metrics model to allow user-defined quality measurement at three levels
of abstraction [RADC 1983]. At the lowest level of the model, the user can defined upper
and lower bounds for a predefined set of primitive metrics. Logiscope distinguishes S

8



between unit-level metrics and architectural metrics, reporting on both. The user can then

specify algorithms to weight and combine the primitive metrics into composite metrics.

These composite metrics are, in turn, used to define quality criteria that allow classifying

components as, for example, accepted or rejected, based on their computed quality values.

QualGen analyses both design and code complexity and currently interfaces with
Lotus 1-2-3 for quality reporting. It provides some 200 primitive metrics which, via Lotus,

can be combined into user-defined higher level measures. AdaTEST provides a similar

facility through the use of.csv files. Software Systems Design, the developer of QualGen,

is currently mapping the correspondence of QualGen metrics to the SPC Ada style guide.

7.7 Cross-Reference Analysis

The information acquired from cross-referencing program entities serves many pur-

poses. Perhaps one of the most important of these is identifying the scope of a program

change or aiding in the diagnosis of a software failure.

The ADADL Processor provides extensive cross-referencing capabilities. It reports

on the cross-referencing between program units, objects, and types. It also reports on the

occurrence of with and pragma statements; the occurrence of interrupts, exceptions, and

generic instantiations; and the use of program unit renaming. LDRA Testbed cross-refer-

ences all data items and classifies them as global, local, or parameter and also cross-refer-

ences procedure usage. METRIC identifies all generic units, the number of times they are
instantiated, and the instantiating unit. Through its browsing capabilities, EDSA provides

interactive cross-referencing of data items and Ada objects. Battlemap cross-references
program units in terms of their calls-to and called-by relationships, it also provides context

and index listings to identify the files in which particular units are stored.

7.8 Browsing

A browser facilitates program understanding by allowing the user to create and

present different views of the software. This may include views that show the same piece

of software at different stages of development and views that omit some information in

order to focus oa other details. A browser also may provide the user with the ability to fol-

low the control flow or data flow. These capabilities may be used for several purposes, for

example, to aid in reviewing a program or in diagnosing the cause of a software failure.

EDSA focuses on browsing source code at the unit level; it allows browsing for-

ward or backward via data flow or control flow. The user can construct views that suppress

9



or omit irrelevant code details to help the user to focus on the concern at hand. Special

annotations are available to keep track of the progress of formal code verification. Ada-

ASSURED provides similar capabilities with navigation based on control structure. Graf-

Browse chiefly operates at the integration level. Here the user can move through graphical

invocation hierarchies (or declaration or call-by hierarchies), pulling up the relevant pieces

of code as required. Battlemap and the TCAT family of coverage analyzers also allow mov-

ing between graphical depictions of program and module structure and the associated

source code.

Although not examined in the course of this work, the new version of Logiscope

also supports source code browsing.

7.9 Symbolic Evaluation

This type of static semantic analysis provides a more complete examination of a
program's operation. Instead of actual input data, symbols such as variable names are used

to simulate program execution. This allows the reporting of the mathematical relationships 0

between inputs and outputs for each semantically possible path. It has three primary uses.
The relationships can be compared against a program specification to check for consisten-
cy. The identified path condition, together with the expression detailing the set or range of
input data which causes this path to be executed, supports test data generation. Finally, the 0

relationships can aid in determination of the expected output for a set of test data. Only

MALPAS provides this very useful capability.

7.10 Specification Compliance Analysis

Specification compliance analysis takes semantic analysis a step further by auto-
matically comparing a program against its formal specification to identify deviations. This

type of analysis is very powerful, but requires additional work on the behalf of the user.

Here again, MALPAS was the only examined tool that provides this capability. It

requires program specification details to be embedded in its intermediate language. (These

details may already be available if a formal specification language such as Z or the Vienna

Development Method (VDM) is used in the development effort.) The output of the compli-

ance analyzer is a set of threat statements that, if the program does not meet the specifica-

tion, presents the relationships between inputs that cause a deviation to occur.

10
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7.11 Pretty Printing

A useful documentation capability, pretty printing is provided by the ADADL Pro-

cessor, Ada-ASSURED, AutoFlow-Ada, Battlemap, EDSA, LDRA Testbed, and TST.

01



8. DYNAMIC ANALYSIS

This section reports on the capabilities provided by the examined tools for dynamic

analysis where software is evaluated based on its behavior during execution. Dynamic anal-

ysis is the primary method for validating and verifying software. Additionally, it is the

source of much of the information used in monitoring testing progress and software quality.

Traditionally an unstructured and labor-intensive activity, dynamic analysis is a significant

cost driver. Table 8-1 identifies the particular functionality provided by the examined tools.

8U1 Assertion Analysis

An assertion is a logical expression specifying a program state that must exist, or a

set of conditions that program variables must satisfy, at a particular point during program
execution. Assertion analysis is used to determine whether program execution is proceed-

ing as intended. In some cases, it may be desirable to leave assertions permanently in the

code to provide a self-checking capability. When present in code, even if commented out,

assertions can provide valuable documentation of intent.

Of the examined tools, only LDRA Testbed currently supports dynamic assertion
analysis. Assertions are embedded in Ada comments and can be used to (1) specify pre- and

post-conditions for a section of code, (2) check whether inputs satisfy pre-determined rang-

es, and (3) check whether loop and array indices are within bounds. Should any assertion

fail, a user-tailorable failure handling routine is executed. Assertion checking can be

switched on or off, allowing assertions to remain permanently in the code.

8.2 Coverage Analysis

Coverage analysis is the process of determining whether particular parts of a pro-

gram have been exercised. Its importance is illustrated by academic studies and the expe-

rience of the software testing industry that have shown that the average testing group that

does not use a coverage analyzer exercises only 50% of the logical program structure. As

much as half the code is untested and therefore many errors may go undetected at the time

of release.

13



Table 8-1. Dynamic Analysis Capabllitles of Examined Tools

Coverage Prof. Test Data
Analysis iaing Generation

UA

_ LN

TOOLNAME a

AdaQuest F q/•/ " F
LDRA Testbed -T 4/ F •• /• /•

Losis€op 7 ••
Soft-est -

S-TCAT 7-
T-

TBGEN
TCAT •

TCAT-PATH • /•

TCMON
"I'ST T,••/•

TDGen

TAatGens

.. ........ . ... .. . . .... . . ... ... .:::• [! , :: , ..![[]] •i• !iiiii .... . . . ...

Da. Usbed 7ihTAT C T-PT, rSTF Tt aniat coerg resuls7
b. Usoed -ihM~b nmnnao T Too o 7-plca -eotigfuitcve7e

T -u0€caailt

.B... ... ...t

S a. toolsed wasoith in terinng or stdat to animat e coverage resultgh
a. Used with McCabe Intrumetation Tofor grCT oanhical eotigodegnse coverage.rsls

F - Future capability

By identifying those parts of a program that have not yet been executed, a coverage

analyzer can help to ensure that all code is exercised, thus increasing confidence in correct

software operation. By measuring the coverage achieved during execution with particular

set(s) of test data, these tools also provide a quantitative measure of test completeness.

Some tools also aid in determining the test data needed to increase the coverage. Although
coverage analyzers do not directly measure software correctness, they are valuable tools for
guiding the testing process and monitoring its progress.

14
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There are two basic types of coverage analyzers. Intrusive analyzers instrument

code with special statements, called probes, that record the execution of a particular struc-

tural program element. The addition of extra code in the program incurs both a size and tim-

ing overhead. The alternative, non-intrusive analyzers, requires special hardware and is not

addressed in this report.

8.2.1 Structural Coverage Analysis

Several levels of structural test coverage have been proposed. The basic levels for

unit testing are statement, branch, and path coverage which require, respectively, each

statement, branch, or path to be executed at least once. These coverage levels impose

increasingly stringent levels of testing with statement coverage being the weakest and path

coverage the strongest. Since path coverage can be difficult to achieve, various additional

levels that lie between branch and path coverage have been proposed. The best known of

these additional levels are McCabe's Structured Testing and Linear Code Sequence and

Jumps (LCSAJs) [Hennell 1976].

Although unit-level measures can be applied during integration and system testing,

they do not provide the additional information that is pertinent at these levels. During inte-

gration testing, for example, a measure of the extent to which the relationships between

calling and called units has been executed is useful. Functional measures provide a more

appropriate measure of test coverage for system testing (see Section 8.2.3).

Table 8-2 summarizes the structural coverage analysis features of the examined

tools. As shown in this table, the examined tools vary considerably in the support they pro-

vide. The requirements for a test driver to execute the instrumented program an example of

one of these differences. LDRA Testbed and TCMON automatically generate this test driv-

er, as does TestGen under certain circumstances. The generated test drivers also differ. For

example, TCMON provides a command-driven test driver that allows the user to explicitly

control the handling of generated trace files. Where necessary, both LDRA Testbed and

TCMON allow special actions so that this interface can be omitted. There are other signif-

icant differences. For example, LDRA Testbed provides different handling of trace data to

support host and target testing. It also separates out the data collected from a concurrent

program to allow separate reporting for each task. AdaTEST provides an example of anoth-

er significant difference between these tools; it performs coverage analysis at test execution
time, obviating the need for post-processing of large trace files.

15



8.2.2 Data Flow Coverage Analysis

Data flow coverage has been proposed as another measure of test data adequacy.

While the traditional structural coverage testing approach is based on the concept that all

of the code must be executed to have confidence in its correct operation, data flow testing

is based on the concept that all of the program variables must be exercised.

While there are several tools that provide this capability for C programs, production

quality tools for data flow testing of Ada code are not yet available. The data flow testing

capability of LDRA Testbed, however, is currently under beta testing and AdaTEST is

expected to provide this capability in the near future.

Table 8-2. Structural Coverage Analysis Characteristics

Unit-Level Coverage Reporting

TOOLNAME X 05

AdaQuest -4 74 1
LDRATestbed

Logiscope -T _7 77T T
S-TCAT T- -T -T "-4

TCAT T -T -47• 4 •

... ~ .... .. ... .
.......... ........... ........ ........

a. Used with TCAT, TCAT-PATH, or S-TCAT to animate coverage results
b. Used with McCabe Instrumentation Tool for graphical reporting of unit coverage.
c. Used with McCabe Instrumentation Tool for graphical reporting of design subtree coverage.

F - Future capability

8.2.3 Functional Coverage Analysis

Functional coverage, sometimes called requirements coverage, provides a measure

of the extent to which tests have caused execution of the functions that the software is

16

+++++++i++++++++++•+++•+++i++++++++ +++ ++ ++ +i ++}++ + ++ ++++ ++++} + + {+ +++ + i ++ ++++i++ +++. +++++•:,{• ++i. +++++++• +++ ++0{+



required to perform. Unlike structural tests, functional tests can determine problems such

as the absence of needed code.

Two of the examined tools assess the functional coverage of tests. SoftTest provides

a measure of test adequacy in terms of the number of tested functional variations with

respect to the number of those testable. T provides a measure of test adequacy based on
requirements coverage using user specified pass/fail results. An additional test comprehen-

siveness measure considers requirements coverage, input domain coverage, output range

coverage and, optionally, structural coverage, where each factor can be user weighted.

8.3 Profiling

Profiling provides a trace of the flow of control during software execution. This
information can aid in locating the cause of a failure and the position of the associated

defect. Of the examined tools, AdaTEST, LDRA Testbed, and TST provide this capability

as an optional feature. AdaTEST allows the user to specify the level of tracing required.
The user can request tracing of unit calls, tracing of decision calls, or full tracing at the

statement level. LDRA Testbed and TST provide statement level tracing. In the case of
LDRA Testbed, however, the Testbed may override the user request if the resulting display
exceeds a preset limit. SLICE operates in conjunction with the McCabe Instrumentation
Tool and Battlemap to identify, both textually and graphically, the particular program ele-

ments exercised during a program execution in one or more program units. AdaThST

allows the user to specify the level of tracing required. The user can request tracing of unit

calls, tracing of decision calls, or full tracing at the statement level.

In general, the majority of computing time is incurred by only a few program seg-
ments. This may be because these segments are called frequently, are computationally
intensive, or both. When a program needs to be optimized, therefore, it is more efficient to

start by identifying where the majority of computing time is spent so that the optimization

effort can be appropriately focused. Information on the number of times particular program
segments are executed can aid this determination. The coverage analysis tools all give the

number of times examined program elements are executed; some additionally identify the
number of times each program unit is invoked.

8.4 Timing Analysis

Timing analysis serves several purposes. These range from supporting the valida-

tion of requirements that impose specific timing constraints on software functions to iden-
tifying particular program units that consume a significant proportion of computing time.

17
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AdaQuest, AdaTEST, and TCMON provide timing analysis. Both AdaQuest and

TCMON offer the flexibility of user-specified placement of timers, and measurement using

either clock or wall time. TCMON additionally allows a user to request automatic timer 0

instrumentation at the program unit level. This tool reports on the placement of timers (and

any counters used for structural coverage analysis) to provide information that can be used

to estimate the influence of instrumentation statements on measured time. AdaTEST pro-

vides the user the capability to start, stop, and reset a timer that captures execution time to 0

the resolution of the Ada CALENDAR.CLOCK.

8.5 Test Bed Generation

Unit and integration testing require the ability to invoke the appropriate modules,

passing necessary inputs and capturing the actual outputs so that they can be compared

against expected outputs. Integration testing may proceed in either a top-down or bottom-

up manner. Top-down testing starts with the most abstract, or high-level modules, and

requires the use of stubs to represent those modules called by the module under test. In bot- 0

tom-up testing, the most detailed, or lower-level, modules are tested first. Here test drivers

are required to simulate the modules that invoke the modules under test. Development of

such test drivers and stubs can be complex and greatly facilitated by automated support. In

addition to eliminating the need for much manual labor, automatic generation also pro- 0
motes a standardized testing environment.

LDRA Testbed, TCMON, and TestGen all generate the test drivers needed for exe-

cution of an instrumented program. These are, however, very limited drivers primarily

intended to handle the trace files used to collect coverage details. Of the examined tools, 0

AdaTEST, TBGEN, and TST are the only ones that provide test control via some form of

command language, and only AdaTEST and TBGEN support stub generation. Table 8-3

summarizes the test bed generation characteristics of these three tools.

8.6 Test Data Generation Support

Dynamic analysis requires software to be executed with a set of test data. The

resulting outputs are then captured and compared with the outputs expected for the given

input data. The traditionally manual and labor-intensive method of preparing test data has 0

typically limited the extent of testing. Although the available tools do not totally replace

the human effort required, they can make a substantial reduction to the amount of human

labor needed.
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Table 8-3. Test Bed Generation Characteristics

RecordCommand Language Keeping

* ~~TOOLNAME ~I

A0 >

TBGEN - - q
TST ---

As mentioned above, dynamic analysis requires comparing expected results against
actual results to determine the success or failure of a test. Determining expected results is
another traditionally manual and difficult task. Research into tools, called oracles, to auto-
mate this task has been ongoing for many years. As yet, however, symbolic evaluators (see

Section 7.9) come the closest to supporting this capability.

8.6.1 Structural Test Data Generation

During testing, there are occasions where it is necessary to deternmne the test data
* that will cause a specific branch or path to be executed. This occurs, for example, when it

is necessary to attain a specified level of structural coverage and existing test data has not
executed some structural elements.

Support for this activity is available at two levels. AdaQuest and TCAT explicitly
• identify the program segments that comprise particular program branches and paths. LDRA

Testbed, Logiscope, TCAT-PATH, and TestGen provide the same information and, addi-
tionally, explicitly identify the conditions required to cause each structural element to be

executed.

8.6.2 Functional Test Data Generation

Functional tests can be derived from a requirements specification using three cate-
gories of methods: (1) algorithmic techniques such as cause-effect graphing, equivalence

19
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class partitioning, and boundary value analysis; (2) heuristic techniques including fault

directed testing and the traditional error guessing; and (3) random techniques that employ

random generation of test data.

T supports all these techniques. Additionally, it is capable of incremental test data

generation, that is, tests can be generated for software changes only. T is the only examined

tool that produces test data values ready for immediate use in testing.

SoftTest supports cause-effect graphing to compile a database of input conditions

for each unique function. The user then works from these conditions to determine the nec-

essary test data. In those cases where identified functions are not directly testable, for exam-

ple, because results produced by one function may be obscured by other functions, SoftTest

identifies intermediate results that, if observable, would enable otherwise obscured func-

tions to be tested.

8.6.3 Parameter Test Data Generation

Thorough test coverage at the integration level requires that each subprogram be

executed over a range of parameter values. Of the examined tools, only TST provides auto-
mated generation of test data for certain types of subprogram parameters. This generation

occurs in one of two forms. The user can specify that all possible values for a parameter be

generated (or first and last values for floating point numbers). Alternatively, the user can
request that these values are divided into a number of partitions and that the first, middle,

and last values from each partition be selected.

86.4 Grammar-based Test Data Generation

In those cases when the test data is simply structured, and this structure is amenable

to description, grammar-based test data generation allows rapid, automated generation of

large amounts of test data. This capability is particularly useful in random testing.

TDGen provides this functionality. Test data is generated according to location-spe-

cific data, uniformly distributed data, or value-factored data. TDGen can generate data ran-

domly, sequentially, or according to a user specification. S

8.7 Test Data Analysis

Two types of test data analysis are considered here. In the first case, test data sets

are analyzed to identify which test data sets execute which lines of code. When particular
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lines of code are changed, this information shows which test data sets are affected by the

change and must be rerun. The second type of test data analysis detects and reports on
* redundant test data sets. This identifies test data sets that are essentially equivalent in effect

and, therefore, can be eliminated to reduce testing cost without affecting test effectiveness.

LDRA Testbed is the only identified tool that supports these capabilities. The anal-
yses are performed on data collected during structural coverage analysis.

8.8 Dynamic Graph Generation

A visual representation of the execution flow of a program can aid in understanding
that program and diagnosing the cause of failures. ACT provides this capability at the unit
level, whereas Battlemap, LDRA Testbed, and Logiscope provide it at both the unit and

integration levels. TSCOPE uses the outputs of TCAT or TCAT-PATH to animate the exe-

cution coverage on a directed graph; and the output of S-TCAT can be used to animate cov-

erage on a call tree representation of the program under test. SLICE uses the outputs of the
McCabe Instrumentation Tool and Battlemap to highlight the path taken by a particular

execution.
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PART II

TOOL EXAMINATION REPORTS
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10. INTRODUCTION

This part of the report describes the selected tools in terms of their usage. Tools are

grouped by supplier and the report details the operating environment and the functionality

provided. Where applicable, price information, accurate at the time of examination, is also

included. Each description is supported with observations on ease of use, documentation

and user support, and Ada restrictions. Problems encountered during the examinations pro-

vided insight into the reliability and robustness of each tool. Each description is accompa-

nied by sample outputs.

Table 10-1 summarizes the details given for each tool. It also identifies available

bridges between testing tools and CASE systems. Table 10-2 presents relevant supplier

data.
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29. Ada-ASSURED

Ada-ASSURED is a set of multi-window, language-sensitive editors that analyze

the compliance of code with the Ada Quality and Style Guidelines [SPC 19911 recommend-

ed by the Ada Joint Program Office and included in the BMDO Software Standards. Addi-

tionally, the toolset provides for program browsing and program reformatting.

29.1 Tool Overview

Ada-ASSURED was developed by GrammaTech and Loral Aerospace Corpora-
tion. The first version of this toolset, version 1.0, became available in November 1992. It
runs under Unix and XlI Windows, with Motif and OpenWindows, on a variety of com-

puters including the Sun SPARCstation, DECstation, HP 9000, and IBM RISC System/

6000.

The evaluation was performed on Ada-ASSURED version 1.0 running on a Sun
SPARCstation under Unix with OpenWindows. At the time of evaluation, the price for
Ada-ASSURED started at $1,495.

Ada-ASSURED consists of three Ada language-sensitive editors:

• Ada Editor. Ensures syntactic correctness and consistent source code format-

ting.

* Ada Style-Enforcement Editor. Extends the Ada Editor with compliance check-

ing against the SPC Ada Quality and Style Guidelines.

• ADL 1 Enforcement Editor. Extends the Ada Style-Enforcement Editor with

language-sensitive editing of ADL and checking the consistency of Ada code

with ADL constructs embedded as comments.

1 ADL is an Ada program design and documentation language developed by the Lral Aerospae Corpora-

0 don.
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The examination focused on the style compliance and browsing functions of Ada-

ASSURED, that is, the Ada Style-Enforcement Editor. Its capability as a language-sensi-

tive editor was not examined, neither was its support for ADL S

The Ada Style-Enforcement Editor manipulates objects that are structured accord-

ing to the grammatical rules of a particular language. The editor contains grammatical rules

for several different languages including Ada and the language of hypertext cards. Each

object is typed according to its linguistic category, called a phylum. The editor enforces the 0

grammatical rules that describe permissible combinations of objects for the relevant phy-

lum. Objects are browsed and edited in buffers, each associated with a particular phylum.

Buffers themselves are associated with external files which may be files being edited or

defined buffers that provide, for example, editing templates. Objects consist of phrases and 0

while the structure contained in a buffer is a syntactically well-formed object of the phy-

lum, it may contain phrases of unparsed text known as text buffers. It may also contain

placeholders, that is, phrases that describe the phylum permitted or required at a given posi-

tion.

Buffers are presented in textual views where each view is associated with a distinct
collection of pretty printing rules. Views may differ radically, for example, including or

excluding in-line error messages. Possible views include the following:

"* Baseview. This is the default view and it contains a view of the object as defined
in the enforcement parameters. Errors can appear in-line.

"* Ada only. This is a view of the object as an Ada program with no style enforce-
ment. 0

" Ada enforcement errors. This is a view containing enforcement error messages

and terms that are considered placeholders.

" Ada-only errors. A view that displays errors detected in the Ada and placeholder

terms.

"* Ada enforcement indicators. Displays the enforcement parameters that are in

effect, erforcement indicators, error messages, and placeholder terms.

Within a view, each phrase has a principal and other optional pretty printing

schemes which govern how that phrase is displayed. Alternate pretty printing schemes

allow, for example, elison where a phrase is displayed as" ... "and its detailed text is hid-

den.

32
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A standard window has the typical title bar and menu bar. It also contains a message

pane that presents error and advisory messages, an object pane displaying the object con-
tained in a buffer, and context pane displaying context-sensitive status information and
commands. Windows can be switched between views and buffers, and they can be dupli-
cated and deleted.

Traditional window-type navigation such as using the insertion cursor, a locator
such as a mouse, and scrolling are supported. Each object has a structural selection that
identifies the current focus of structural edit operations and Ada-ASSURED also provides
for navigation with structural selection. (Each buffer has only -ne structural selection
regardless of the number of windows, the structural selection is updated in all windows dis-
playing the buffer.) In this last type of navigation, the currently selected structure in the
buffer can be moved relative to its current location using various treewalking regimes, for

example, preorder, reverse preorder, ascend-to-parentforward-sibling, and struct-select-

to-top. These can be used to quickly find, for example, the next item in list. All commands
that move the structural selection are parser-initiating. This means that text is (re)parsed if
the text buffer has been modified since the last attempt to parse it, the target location is
beyond the end of the text buffer, auto-parsing mode is enabled, or the current structural
selection is a text buffer.

Parsing establishes the syntactic correctness of text buffers. As just mentioned, it
can be invoked automatically by parsing-initiating commands when the auto-parsing mode
is enabled, or it can be invoked manually. In addition to ensuring conformance to Ada syn-
tax, parsing causes the Ada Style-Enforcement Editor to analyze Ada code with respect to
the SPC Ada Quality and Style Guidelines. The automatic formatting provided by the lan-
guage-sensitive editor means that some of these guidelines are automatically enforced;
including, for example, horizontal spacing and indentation. Otherwise, the user can set
enforcement parameters to enable or disable the enforcement of individual style guidelines.
When a parameter is changed, the user can choose to apply it immediately to the current
buffer.

Ada-ASSURED provides two levels of enforcement: indicators and errors. In gen-
eral, indicators are used to signify guideline violations that are not considered critical; they
can be treated as warnings and only appear in a special indicator view. Errors, on the other
hand, denote more serious guideline violations that should not be ignored and they shown
within the code as in-line error messages contained in comments. In some cases, when a
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guideline is violated, Ada-ASSURED offers an automatic transformation to bring the code

into compliance.

A script interpreter provides the ability to invoke Ada-ASSURED editors, either
interactively or in batch mode, with a script of commands. This capability allows the user

to provide new compound editing actions that extend the functionality of the editor, to
invoke an initialization script on start up to customize editor operation, and to define their

own templates which can be used to replace appropriate placeholders. It also allows editors 0

to serve as batch tools such as pretty printers and program analyzers. (An editor running in

batch mode does not start up any windows, the result of interpreting a script is printed to a

special buffer *transcript*.) Scripts are written in a language called Dynamic SSL and con-

sist of function definitions that may invoke built-in library functions and commands. PNT, 0

REAL, BOOL, CHAR, and TOK are provided as primitive phyla and all editing functions
are available as built-in primitive functions. A special script editor with a complete set of
parsing rules and transformations is available to support their creation and maintenance.
This editor also provides special commands that allow scripts to be interpreted from within 0

the editor.

29.2 Observations

Ease of use. Ada-ASSURED uses on-line hypertext to provide context-sensitive 0

help and a cross-reference to the Ada Language Reference Manual. Additional aid for the

user is provided through facilities such as a file-and-directory browser that can be used with

commands that read and write files to assist in locating file names of interest.

The hypertext help can be extended by preparing additional hypertext cards and 0

linking them into the basic hypertext web. The standard X resource interface can be cus-
tomized to affect, for example, key bindings and type face. Menus are available to adjust
window layout and features such as wordwrap. There are several levels of customization
available for the editors. Editor style can be adjusted, for example, via the style templates 0

associated with each editor. Style is defined in terms of font, size, slant, weight, and color.

Styles are derived by successively applying templates to the default style, itself generated

by applying the default template to a root style that is generated when the editor is invoked.

The following styles are provided with Ada-ASSURED and can be customized: Back- •

ground, Comment, Error, Indicator, Keyword, and Placeholder. Dynamic SSL provides

another method for customizing an editor through interpreted scripts. Alternatively, the

user can exploit the fact that Ada-ASSURED is itself generated by GrammaTech's Synthe-
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sizer Generator from a high-level, rule-based description. By modifying this description the
language-sensitive editor generator allows rapid production of a customized editor.

Documentation and user support. A reference manual is available on-line as a
web of hypertext cards. An on-line tutorial is provided that uses these cards.

Ada restrictions. None.

• Problems encountered. The only problem encountered was in running one of the
sample Dynamic SSL scripts that were provided. This script contained an error that needed
correction. Otherwise, Ada-ASSURED performed as described in the documentation.

29.3 Planned Additions

Subsequent to this review, GrammaTech have released Ada-ASSURED version 1.2
This new version provides facilities for integration with any compiler. Future versions of
Ada-ASSURED will provide the capability for semantic browsing and integration with tool
managers.

29.4 Sample Outputs

Figures 29-1 through 29-6 provide sample outputs from Ada-ASSURED.
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30. AdaTEST

AdaTFST consists of three components: the AdaTEST Harness (ATH), the AdaT-

EST Analyser (ATA), and the AdaTEST Instrumentor (ATI). It supports unit testing and

bottom-up testing of Ada code. ATH is a library of Ada packages that provide facilities to

write a test script that supports white box testing of Ada program units. It passes data to the

unit under test and allows the user to check the results of the unit, including the correct

propagation of exceptions. ATH also supports simulating the interaction between the unit

under test and other (perhaps undeveloped) units and, finally, verifying that run-time per-

formance requirements are met. ATn provides static analysis to calculate code complexity

of the unit under test. It also instruments the code to provide statement, decision, boolean

expression, exception, and call coverage. Finally, ATA is another library of Ada packages
that allows testing the instrumented unit in the same way as ATH packages, and addition-

ally reporting on the static and coverage analyses. ATA also supports tracing the path of

execution through the unit under test.

AdaTEST was developed for use in the high-integrity/safety-critical development

arena. Accordingly, ATH, the core of AdaTEST, was developed as a safety-critical devel-

* opment in its own right, using the same standard specified for use in the Eurojet project

(part of the European Fighter Aircraft project). The remainder of AdaTEST was developed

to LPL's usual development standards, including ISO 19001.

30.1 Tool Overview

AdaTEST was developed by Information Processing Limited in Bath, England. IPL

also provide training, consultancy, and hot-line support to tool users. They have recently

established a relationship with a U.S. company, Texel & Co., who will market and support

AdaTEST in this country. AdaTEST was first marketed in 1991 and is now used at more

than 15 sites internationally. It is machine and operating system independent, relying only

on the available Ada compiler. The examination was performed on AdaTEST Harness

(AMH) version 2.3, AdaTEST Analysis (ATA) version 2.1, and AdaTEST Instrumentor

4
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(ATI) version 2. 1. These ran on a Sun-3 workstation under a Verdix Ada Development Sys-

tem. At that time, the price for AdaTEST started at £9,500.

30.1.1 ATH Overview

The user begins with AdaTEST by using the library of packages that constitute ATH

to construct a test script. This test script will act as a main procedure and invoke the unit

under test. Consequently, a test script is compiled and linked as a normal Ada main pro-

gram, and changes to the test script only require its recompilation and the relinking of the

program; the software under test is unaffected.

ATH provides a number of directives that are used in the test script to control the
invocation of the unit under test and to check its results. The structure of the test script, and

placement of directives, is governed by two state machines: the script state machine and the

timer state machine. If the user causes a directive to be called from an inappropriate state,

a script error is generated and the test fails. (A set of diagnostic error messages helps the
user to determine the caeuse of a script error, and limited error recovery is provided by

adopting the correct state after a script error has been given. Of course, side effects from

the error may prevent complete recovery.)

The user is provided with a template that aids in test script construction. A test script

starts by setting the context in terms of w/thing and useing needed packages. Then the script

is opened and any necessary test data is declared, followed by the instantiation of necessary

check procedures. A series of test cases specify the data to be passed to the unit under test,

the data expected to be returned by the unit, and the various checks that should be made to

check correct unit operation. After the main body of the test script is closed, the stub section

provides the definition of any stubs that are to be simulated. The basic operation of this part

of AdaTEST can be illustrated be looking at some of the major directives that are used in

the main body and stub section of a test script.

Basic directives are used to declare the start and end of a test script, and start and

end of each individual test case. Within each test case, the EXECUTE directive precedes

the actual invocation of the unit under test. It allows the user to identify the unit, the expect-

ed sequence of stub calls, if any, made by the unit, and whether an exception is expected to 9

be propagated. A companion directive DONE follows the invocation of the unit under test

and verifies that the number of stub calls and any exception propagation is as stated in the

preceding EXECUTE. Next a series of checks can be made to verify the test case outputs..
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CHECK is used to verify that an object of a predefined Ada type contains the expected val-

ue. To allow more flexibility, ATH also provides a set of generic checking routines that the

user can use to check the results for user-defined integer, enumeration, floating, and fixed
types and, with the exception of limited private types, any other user-defined types. A check

directive for comparing raw memory is also provided. In addition to checking the value of
data against expected data, ATH provides for checking of events. Here expected external

* physical events can be checked by requesting the operator to confirm that a particular event

has occurred. Also the exceptions propagated by the unit under test can be examined. The
CORRECTEXCEPTION and ILLEGALEXCEPTION directives allow the test to indi-
cate whether an exception has been propagated correctly, or unexpectedly.

Tuning analysis is supported by special directives to reset, start, and stop the timer
and check timer results. Since the processing involved in stub calls can have an effect on
the execution of the unit under test, it is recommended that a test script should not use sim-
ulation when timing analysis is being performed. For a test script to be portable between
host and target environments, timing checks are specific to the environment in which the

test is executed. Tuning directives are ignored in the host environment and this type of anal-
ysis is only performed in the target environment.

AdaTEST's stub simulation supports testing units in isolation, where interaction
with other units is simulated. (In bottom-up testing, stub simulation can be used to replace
those units not yet available.) The user can verify the order of calls to simulated units, and
verify the values of in and in-out parameters passed to simulated units. The user is also pro-
vided with further control in the test process by the ability to initialize the values of in-out
and out parameters, function return values, and other data. The sequence of expected calls
to simulated units is usually given in the EXECUTE directive included in each test case to
allow the user to specify unique processing for each separate stub invocation. The simulat-
ed unit(s) themselves are defined in the test script after the main body of test cases. Again,
special script directives are provided. The directives STARTSTUB and ENDSTUB are
self-explanatory. CALLREF is used to identify the current stub reference from the list giv-
en in EXECUTE directive. Since the list of expected calls in an EXECUTE directive can
contain loops, the directive CALLLOOP is available to identify the current value of a loop
repetition count and another directive, the ILEGALCALLREF directive, can be used
to indicate that a simulated unit has been called out of sequence. This use of stub simulation
is facilitated if all units in a system are declared as separate, thus obviating the need to write
hybrid package bodies containing both simulated and real units.
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At the end of a test run, a table of test results is produced. This indicates whether
each test has passed or failed and gives an overall pass/fail summary of the test run. In addi-

tion, detailed results are produced. Tests may be executed unchanged in both host and target

environments (with the exception of timing analysis, as stated above). In a host environ-
ment the detailed test output generated by a test run is placed in a results file for later exam-

ination. On a target, if no file system is available, output is directed to the standard output

device. 0

Since a large number of test cases can make a test script unwieldy, ATH supports
table-driven testing. Here the initial conditions and expected results for each test case are

stored in a table. This allows the test script to simply loop, pulling the needed data for each

test case from the table. Of course, although the table can be extended to allow for different 0
sequences of stub calls and different handling of exceptions, this approach assumes a large

degree of commonality in the processing required for each test case. However, in those cas-

es where a target system has limited memory resources, table-driven testing does allow

reducing the size of the executable program.

Tasks are tested in much the same way as sequential units. While sequential units

are implicitly synchronized because they are executed from within the EXECUTE-DONE

block, tasks may run concurrently with the test harness. If a task has entry points, then the

entry point is called after the EXECUTE and a delay statement precedes the DONE to allow

time for the task to call any stubs and update any global data. If it is not possible to syn-

chronize the task using an entry point, or the entry point occurs too late (for example, after
a stub has been called), special action is called for. In this case, the CONCURRENT mode

of ATH must be used. In this mode, directives are locked so that only one may execute at a

time and stubs are executed sequentially. Essentially, ATH synchronizes START-STUB

with EXECUTE so that stub calls made by the unit under test will not proceed until the test

script is within the EXECUTE-DONE block. Again, a delay statement may be necessary.

Similarly ENDSTUB is synchronized with DONE. After DONE has executed, any subse-

quent stub calls are suspended until the next EXECUTE. Some workarounds are provided

for cases such as a task reading global data before waiting on a task entry or calling a stub.

CONCURRENT mode is also required for multiple tasks and, although this is not

stated in the manual, for coverage analysis of a tasL The ATH tasking mode (SEQUEN-

TIAL or CONCURRENT) is determined when the test script and software under test are

linked to form an executable image. The manner of setting the mode is dependent on the

compilation environment. Since the CONCURRENT mode is intrusive, it may affect the
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timing and ordering of events that occur across multiple tasks; this may result in deadlocks

where the program hangs.

30.1.2 ATI Overview

Unlike ATH and ATA, ATn is an executable program. As such it offers a command

line interface for instrumenting subprogram bodies, task bodies, and subunits when they

appear as library units or in the declaration part of other units of nested block statements.

(Code embedded in a package body is not instrumented.) Instrumentation is performed on

a single file at a time.

The command line interface offers a number of options that allow, for example, lim-

iting the types of coverage that the unit is instrumented for, switching off task body instru-
mentation, and requesting static analysis results to be produced in a machine-readable,

comma-separated variable format suitable for processing by third-party products such as

spreadshý,ct packages. It is also possible to limit the instrumentation performed to, for

example, a maximum number of coverage points, or the maximum limit for the number of

bytes used to store package and program unit names. By default, the subject file is instru-

mented for all coverage types, that is, statement, decision, boolean expression, exception,

and call coverage.

Two files are produced. One of these includes the mstrumented source code, which

is ready to be compiled in the usual way. The second file contains an annotated listing of

the source code and the results of the static analysis. Static metrics are calculated on a per-

unit basis. They include simple counting metrics such as the total number of Ada source

code lines, the total number of dynamic stack allocations within a unit, and the total number

of for loops. Complexity metrics include Halstead metrics, and Hansens's Cyclomatic

number and operator counts which are modifications of McCabe's and Myers' complexity

metrics.

30.1.3 ATA Overview

After it has been instrumented, a program unit is ready for coverage analysis. The

user converts the ATH test script used for testing the program unit into an ATA test script

by including ATA directives that cause the capture, checking, and reporting of coverage

analysis data. The initial ATA directive used is one to initialize the analysis, then the test

cases are surrounded by directives to start and stop coverage analysis. A CHECKANAL-
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YSIS directive is used to check that, for a given unit, a particular coverage metric or static

metric lies within a specified range. Alternatively, the user can use the GETANALYSIS
directive to yield the value of a particular metric and this data can be used in, for example,

the calculation of user-defined metrics. CHECKCALLS checks that all members of a giv-
en list of units have been executed. The directives REPORT UNIT and REPORT ANAL-
YSIS allow writing the results of static analysis to the results file either unit by unit or

metric by metric. A trace directive is provided to allow the user to request tracing at either

the unit, decision, or statement level.

STARTSCRIPTr_IMPORT and ENDSCRIPTEXPORT are the most important
of the remaining directives. These are used as alternatives to the usual STARTSCRIPT
and END SCRIPT to enable cumulative coverage reporting. As its name suggests,

STARTSCRIPT_IMPORT imports analysis data and pass/fail results exported from a pre-
vious run, new results are then appended to this data and then, using ENDSCRIPTEX-

PORT, can be exported to a set of files for later import by another test script.

Once the ATA test script is prepared, all relevant code is compiled and linked as
usual. (As before, any changes to the test script only require recompiling the script itself

and relinking the program.) When the resulting program is run, results of the analysis and
tracing are integrated with ATH test results to produce an overall ATH/ATA test pass/fail.
A summary of the pass/fail results is written to the screen, while the full analysis and, if

requested, trace results are written to the resul-, file.

ATA operates in one of two modes, either ANALYSIS or NON ANALYSIS. In the
ANALYSIS mode, ATA operates as described above., Otherwise ATA ignores all directives

except the STARTSCRIPT_IMPORT and ENDSCRIPTEXPORT; it will not permit the
execution of instrumented code in this mode. This is intended to allow the use of the same

test script for both host and target machine testing. It also allows timing analysis to be

restricted from being performed on instrumented code..

30.2 Observations

Ease of use. For ATH and ATA, knowledge of Ada is all that is required. ATI uses
a simple command-line interface that is easy to use.

Documentation and user support. The documentation as provided was clear and

easy to follow. However, it serves as a reference manual rather than a user guide and addi-

tional examples would be helpful. IPL provided excellent support, answering all questions

quickly and fully.
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Instrumentation overhead. The majority of the coverage analyzers examined in

the course of this work are intended for instrumentation of entire programs, or significant
portions of a program. ATA differs in that it is primarily intended to monitor the coverage
achieved in testing a single program unit or, with appropriate use of test histories, those pro-
gram units examined to date in the course of bottom-up testing. Consequently, the follow-
ing figures should not be directly compared with those given for other coverage analysis

tools.

For the function LLFIND, instrumentation for boolean expression, decision, state-

ment, and exception coverage gave an increase in the size of source code from 810 to 4,924

blocks. For package BUFFER_INPUTMSGS, containing the BUFFER task, instrumenta-
tion gave an increase from 2,118 to 10,811 blocks of source code.

Ada restrictions. AdaTEST supports full Ada. However, ATA does not instrument

boolean expressions that contain a relational operator with one or more operands that are

also boolean expressions.

Problems encountered. No problems were encountered during use of AdaTEST.
It operated exactly as described in the manual.

30.3 Planned Additions

IPL is working on extending AdaTEST to support data flow testing. IPL is also
working on links to two major CASE tools which will allow automatic test script genera-
tion from the case design level.

30.4 Sample Outputs

Figures 30-1 through 30-13 provide sample outputs from AdaTEST on the Lexical

Analyzer Generator example, and Figures 30-14 through 30-23 provide sample outputs for
the Real-Tune Temperature Monitor example.
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Figure 30- 1. AdaTEST Listing of Function LLFIND
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Figure 30-2. AdaTEST Making LLFIND into a Separate Unit
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- - H 1 III El I I II 1VIEJUIIIIUL I iiiI 7

..- with PhcAainRuwkTm8T
with 12ZXDTB8T..PXM
use LLVZ31D TESTPE;

-- With SAnY Referenced Packages:
mith WLDUOC&NNATM;
use lDXCLAUATOW9S;

--Test script requireus the use of the ATIL iUNM package:
with XflAT3SjUWSB O8
use hn~mmSMARO 3Cmms;
with DTSiSTUA.TI

-. Test script mAY require the Use Of other ATEI packages. e-g
with *DAT3SIJU n884G3ZRC..OICK
use hAMATSTEARMRSS- inIC..am1KS

.. OPEN SCRIPT

Procedure TSST..LLP is

-- nsatai Of G@Mric.aeCbko it needed:

type LLSTTLE is (LrXMUaL. UONS21m GEOMP, ACTION. PATCK)

Declare work variables it needed:

IBSULT : INTU]R:

BUTSTSCRIrn ( ITUS .7LXOD'

--P&M in tbo table to initialize LLU1WOLTABZZ

--TiMer reset. here for Uising, analysis later -at script

--TEST PATES (ipest, as required)

TESTCfN I

STAETRAT ( 1 )
CCM ( -IM~ " 4. lot item in table* I

*~~OMI -- comir 35T w, 1 I

No initial Values to met

Introdues call to Qdet...mdsrj..est with 0a12_ist and IMsxVptiom~zwctsd:

* Figure 30-3. ATH Test Script for Testing LLFIND with Timing Analysis
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exception
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end;
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Figure 30-3 continued: ATM Test Script for Testing LLFIND with Timting Analysis
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0"9&11. T• PJUIJM

Figure 30.4 continued: Results of Testing LLFIND with Timing Analysis
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.- with wACintm3U8Tm:
with L*W?~
-s LLFMbUnM 5

.. with any ndromoemd Packages:
with UZ_3DLAIMr
us L4U.0CAMMOMUS

. - Test script requiries the tame of the ATH-SinA chdage:
with ;f&3U8~U

tWe AA238tý_X1* rCOrdAZ

.. ... . .. . . .. . .. . . ..L.l. . ..aw.l.a,. .. . . .. . .. . .
.. .. . . . . .. . . . . . . .. . . . . . .. . . . . . . .. . . . . . . .

end weo2rd;I
288T* ometeat :- 4 . . .. .. . .. .. . .. .. . .. .. . .. .. . .. .

type 1112_AL -is ri WC P ~UTw1)

N£CTRUW : itgr

(I tA (I= ofWICI- LWVD =SW*)"1)

2. IM in the3 uabl tolWAL initialise "t.32),8

for- int7 eger nTD'rag lo

begin

-- Ned nthee tablet ntaisLMOV

for xUv1L3wIn IW I*othegs Sm

Figre305.AMUhM Tes Scrip for ~Table-Drivenm TestinMof LLINDU
exmwtt0

uhm eftavi 56
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1 1ow MAme (c) ZIL InfaomMtio I3ocesseg LA. 190-93
V"Staon 2.3
Leima. NO: o .022 2 M3 IZutUt. of DefaCM Aallyses)

.oooo°.....o ........... ..... ... o... ° .............. ........... °.... ....... .........

Test Resatet for : lUwTdLLF
SyetSi CVAlgurOd tog : 83_IX=
lOst a an as Or 29923 at 2:11:09

* ISU SCIcT: IMUW1 , A t

....--- .....o...o...........--.... ..................................

=ICMU': UMM_•TWl•_=.tLdLYrM,

2MPeGtod CalLs ,
4.

8usaoeLmuoetJWatced i

SDM Z.ZD1_UTP=.L1LPM

C-BM ( JU t V•I)A8uM
ht4m 1

.o..... .... .......... ....... ..... m w ,I ................. ...............

.................. oo.o. oooo.......o7M 2.................................

*XCS mu &IWV Tý_=L& IW.
s Calls

bom-Not-amectai.

OM: I, aTpr lW•.LWV. M

W ( 3m3591 ) ;PsiM
tsm 32S................................ =I1 TMlU 2 ................................

S.................................. I]•"Bl 3 ..................................

ImZu': ,IL=L ZWT3I .jH I .Uj ,

ameoted calls

lalktHam-Wotieoted

Ita.l 11

*................................ V I = 3 ................................

0 ctd calls

ReoseimNot empcted 0

Figure 30-6. ATH Results of Table-Driven Testing of LLFIND
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338 .? Ia --I

CU ( IRMIT PASSOID
Zti 0

.................................... aT.T4................................

"Test Remalts for Tt81UVM1
Toot rm ompleted at 11:16:09

Script arrows 0
Cheeks Weale :SIo•m1.11. : 0

Coheck Zymowd : 0
Watha with stub 1FaiUrs : 0

Overall Toot PA1*3i
...m.u..•....... 0"" .0. . . ......S....... a***.f.........

Figure 30-6 continued: Results of Table-Driven Testing of LLFIND
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ww5 ltDOLDARAin. Tzwv 210

separate Imma33Y3TM-in)
procsdure lNflS is

PARS133MM~ saaepaio,00 for fatal Perot" cerroe

L~wk~1SM: constant :- 5001
m ax nmber ad scatmatia tam elamta in parx" trea at amties

type LLwow is for gramme yocabolazy, symbls
record

CM3IinM: I~rom; a ction codsecan" Inde
lvvin -. MIER;~ - iydaretiaatima table index
IZCNCW: wruIaI position, in prodactiam, rigbt head gifs

3aw: LLOT-. type of vacwhuiar ~o1d
?hAlAXM: I==U; *.symol table or proftation, start index

and record.

*ty'pe LLI~wIanL in tor oestintia towm
record

LAMM1nW: 30OLW; -is this the rightmet Child?
TOW: zwli3~l pointer to laatthild
PAROW: Znf : * pointer to paezsnt at this made
A7TZUZ3U: LTLM¶U1W ; *- arived attrigata returned
MM~: LLRIGH. *- oflbulS=y symbdl information

and record;

LLIT0P: - -MM top of stack pointer
WcoflMNT: ZVI3%=; - lcattion of *&W* to 116y~b0table
LLIc31S: INlWIZ; loIcation of snd-cf -lagut In oyaoltable
U.IBWIW3 XWM13; -. current senteatial toan elin
UJTAC3: array ( I LUVZSMM) of LLXUE'ZTfaL

-- stack thiCh represents the parse tree,

begin
LLSW3M :. 1;
LL2OP : - 1;

LLMM (LI5Wp2) .PA33W : -0
LL3Ar&=(LUAMPZ ).DAM. S!UCKhNn3 :. 0
Za4UMc(LL4UOM33 .UMT.UU :- M OI.
-- find location of *WWI to 1lsycbltable
IaoWU* :. LZMZ( (-C.2"In, 3.3Y'. others 1). (own3
-- find locatian at emiofeouros (-G) in llspaoltahle
UL4LOM S:. U.VM( (103-101 othere .O . GP

end P""8;

Figure 30-7. ATH Example Invocations of LLFIND
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with LL-DOCUaMMl5. 1mw...zo0
package PMWBN2%FX01 is
use LLkDocacAaTms, Tm1*.ZO a

tYPe LSTLUA is (LXIML, MONTUML, GROUP ACTUIO, PAMU);

twpe Lz91amaurm is at for W060 table entries
record

aWT: LUdIUi8M literal string or grou identifiler
KIN: LLGIMA; literal at gro

end record;

LLflUSTh3OL5: array 1 UTaa-aSzU ) of uaimaa&mi a
--the symbhol tabile far literal teres

procaduire WAmJ,
function 1.1.111 ( r=: LLWIRUI; MUCH6: LLSTILI ) return INISM;
praoesdure PRaDOPMa

end P*VI ýTNST? PEG;

Package body VA*SEUB?=JEI io

procedare PAMa is seperate;
function LWIN ( 1M: LLftNU; M1106: LLSTrL ) return ZW== to

"eperate;

procedure MUanmM ito read grmr fro, disk
CM: CWA1CM;
1Wmm: pm&3.?m, %tiere gromar is stated

begin . - 331XWUa
OPM (UAMi, zujV=. I'mw)
- - read in symbol tables
for I in 31. LLaNDMIESZ loop

fee J7 in X .. zLSm xGU~aMMi lowp
GwlP 1.1W.6M LLSIMO1.TAMMEII MMU I

end loop;

IZPL ( LZAUm 6;

it f. *-g' than

else - 5mme th a I
LL39O1J!E5LUI6 .XIX LZa1UM;a

end iOr
end loop;

end PAMS INST PEGm;

Figure 30-8. AdaTEST Declaring PARSE and LLFIND as Separate
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with PACM-Pooka :
with aB.JUTl.

* - With any Aeelrewoed Peckages:
with LLB.vXMU"OW;
use &LD8CLAXMfl i

--Tat script vequires the uGe of the AT-PIWoiS paCkage:
with hlTS M8i

prooedwre UnTVAMUN to

begin
8TA3TSC~IV ( IWTERPAM*

Read in the table to initialise LO.JX

TUST CASh

SlxtAST TET ( I )
-I (*PaUM ZS8T.. PA383.

begin
PARMS

exception
whothers

zLZainL,.UAPrrze ( Othere ?
end;
OM

zvwcazvr ;
end TUST PA185.

-- 3ATM HTAM amI1 for U.11

0 ~~with MUTET EMEE S Il M AXIOM

separate (PAMlER TjW P)
function LLVWM( r=B: LWdT=U; a 1IC: ULSTUS z eturn ZIIB. to

W3AR!Vk1Z : ineagaz

* begin
zSvz.TM 41UNMI;

case CUX.33P in
when I "

".UaffavokWALM :. 10;
heno 2 Xb

'TW-PfTOWVAZM. 3;
libn others

-arro-VA - 0i
and as"a;

SIR-a;
return (7WPvlIMnVAW3=

an LLPMIB.

* Figure 30-9. ATH Test Script Showing Stub Simulation for LLFIND
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AdmTall Harness (c) IPL Inforuation Processing Ltd, 1990-93
Version 2.3
Lioenm. go: SPL0232 -. notitute of Defence Analyses)

Test Results for : TUST" PARSE
"Sytam Configured for : 2=3•M=
Toot Run on 17 MAY 1993 at 14:44:29

..................................... tI .......................................
STARTSCRXPT: TEST PARSE , AWTO;

MCUMT: PARSE TEST PE .PARSE
Expected Calls -

IL, OD.:; L," PZND:11
Ixoeptionj_1otIxpected

STARTSMII: LLPIND ;
Chlý RE.Rf: Reference 1, Call 1

M11 _ST'I : ,LLFZhND ;

STAnT STU: ,LuTNm
CALIý_R: Reference 1. Call 2

IODSU: WIZND ;

DOM PAR4TSETEýrPXE. PARSZ

------------------ MTnI----------------------------------

MMD 011:~r TZTAR8ll ;~TPC.IAI

S................................... I.l.ST ....................................

Test Results for TEST PARSE
Test 3in complotnd at 14:44.:29

script 3xors : 0
Checks Passed : a
checks Failed : 0
Checks Ignored : a
Paths with Stub Failures 0

------------------------------------------------------------S..................................... . .. .................................

Figure 30-10. ATH Results of Test with LLFIND Stub Invocation
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-. MaUS? Inotninemter AMI V 2. 1
*-(c) 1931-93 IlL Intometiaa, Processing Ltd

F ile type: Annotated Source file
Tima run W ed Apr 21 10:47 t19 1993

-. Fil name lifindast

-- Instrumented for
-. static Analysis

Decision c~overage
* -Statent Coverage

samptimn Coverage
soclean Coverage

I separate (WKTSJa

3 :functioni LLP1MW ITSM: .LSIATUS; MUCHW: LWST!LX ) return =KIQMR is
4 F ind Item in symbol table - - return minex or 0 if not found.

S : -Assmes symbol table to eorted in eascending order.

LOW , MIDPOWINT RICH: WINGU;
7 :begin

9 RICI :-ZLT)USlaSIS + 1:
10 whuile 4wV I- KIW lowp
11 MIDPOINT (KIffa + LOS) / 2;
12 it ITIM -c ULL OLMAXI (MIblOINT) .KRY them
13 H IGH :. MTVDNO13w;

*14 : elit XThU - LLSVUBhLE (MIDPOZIN) . m then
is ift LLI*IOLTUSLS(NEDPOINT)A.1130 MUCHO then
16 retural MIDPOINT
17 e lse
to return ( 0 I
19 en auit;
20 *Is*u - FL I nLS3 IDOII U

22 aUdit. IPIT+1

*23 endlop
24 : return ( 0 1:* item is not In Cable
25 : en LLflN;
26

.............. .n .... ....... aaa.

Analysis report an file llfinG~a

measure Value
CS&WENS 0

ADkOWI3Ln=5 2

LISZ3Sý-OMhIý-a& 26

onrmCiaus a

VAWOMMINEPCIICATIONS 0

4XnRIC.#PXCIFXCAT1OM 0

* BPA OOW I POIES 0
3IC3UXmnwxmaw0s 0

SUBMIIS I

Figure 30-11. AnI Static Analysis of LLFIND
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analysis regmt an function UVWIIn.TSST-)KU LWUM

kcznrLzMns 22

WAM-UBLIU3 20

PR18m 0

DantCiaua 0
xinusajmAUz2 0

P)MNOMUS 2
DMClhATrzw-rAf r I

Uc~Aza..TATME 11

G zc-DZCLaATlOMS 0
GSmzCT1=Wmnzmw 0

3Oý_piALLOCWI0U8 0
w D-COMMuaaONS 0

aom-TMIS 0
DZaXVuý_vrn D.31ZMUZTS 0
ALUcATIOS 0

PlOCOvM-Wr~ný-Chlk-w13 0
UISTTNMS 0

GOM0.MAYROW 0
D32a31-S" r 0
hABOTS_8MMiNTS 0
aLzIUsThýnr 0
CO3ISTRA113 0

NLSN.JIPRTS 2
CAUS2SMT2S 0
CASN._AL1T321V3 0

1COPSTATZWIS I
wOIL.WoDS 0

5zDeK8?Awwnr3 0

21=Ia~u~ 0

33LCtSý-a2wf 0
333Cý-T13U*X? 0

IMWMnUk4=1KIC8L 0

Figure 30-11 continued: ATI Static Analysis of LIFIND
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.....0 ----

0

0 TDJRT;=TCMLS Vm

womaRMTL-flnA1s4

mm31Z3T 0axpmhu

D_3jLU .. U3 2.2

uzw...lzs~mw...n..wwmms 0.2

0NALST3WO...CM3U4A.7
UUTU..UMCTD...Zn 01.11

Wd3jITz-wU=A==Z M 12.46

..... 0. .. .. .. .. ... .. .... . ..in 0 .12R P - - - - - -- - - - - -- - - - -

~Z2 LV ... ..... ..3*TZ 0.02 FARLSS 4C

Figure3N..ZL.3I~C'lO I0.06ed T tti nlss fLFN
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..with PAnCzaaAIzmPs;

Use U.)lBCL3BAWIo8 I

.. T est script require, the us* of the &WCGMM1W and A33LY318 packages:
with ADM3ST_~M2aU3_88

with VAWmT..ARNSBWSISMZ;
wse ADATRT1UsjdWinAmV2Yzj

.- m = OMP

procedure 233? _LLVnWW"T8Z3 is

Z..tantiaticaa of Generic Checks It needed:

type marTVL Is MrIMAL. iNOMENUM, ON3P. ACTIO. PAM);

-- Decarer work varimblee:

WI7I LL3318;

begin

88KTR380 I TlA0I5ZJ);

-- ead In the table to initiallse LLJiOLUMi

3TW R1U3S I a

canr C fr - let Item in tamle,

flUMMd :- U5CK 3.~ 1, ) 30 - 833M

exception

Figure 30-12. ATH Test Script for Coverage Analysis and Full Tracing of
LLFIND

66



when others -
ITIn"! VXMmouC " Others*)

eadi

-KM ( IUMW.. 23DSM, 1);

Switch otf tracing for the remainder of the test

lSTOI COSM402

8TAMIITm ( 2 ) ;
cM I , )m last item in table,)

CCNO 8WHUI . 1' );
CO1M CNAM 38..32 );

.XUZN~ :.u~n . mI!(Z -MC LITE");
exception

wen others -.3
Izuau LflMPTICS ( gothersI

*IM ( C3WAS1W. RES=L, 32);

lEST CASE 3

SUThTISST ( 3 ) j
cq1m ( .IE .ý Chexzjt. oes reU1C entry-I

*O~ - :MUCH3Z .ý GROW,;

a ( *Lzin35T..IESLL. 21 )PlOT31E

exception
iimothers .

XUMMILPCIPTICE ( 8Other.
end;

aCKM ( '3USSUW, RNS1.?. 11);

NIRTIST;

TanT ChSu 4

CQi It '173 m3- rubbish, item not present in table, )
*~~C (. 'MrC ~UCH LZTmAL, valid ILITTLE' 3

CMMS I OCWM 0PZ1 )~ ;
MMCt C'ZIDSSH LIW SC5PTZWTP3XCTNfl)

begin

Figure 30-12 continued: ATM Test Script for Coverage Analyss and Full Tracing of LL-
FIND
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FASL :. LLVZM(r~ -ý 'rubbish MIH 3 PATCH)

%tm Otbera 03
ZLLULý99aITI 4 Others,)

S T k Ew V & Q l

-- Covers". amalywia abee

100.00. 100.01)1

Static emalyotEobck

0.00. 0.01)1

0.00. 10.01;

- -Cvuae awalyss zspoxta

*uOCIICaOVaa0RMuM3ST I a
*30oXI~UW-SATuIC2;~wlS3uT)

-- M~o6 SCRIPT

and 1lSTWZD_3AMhLYSZ3;

Figure 30.12 continued: ATh Test Script for Coverage Analysis and Full Tracing of LL.
FIND
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dWIMT URon.. (a) ZlL Infoatution ftoomeeei LtA. 1990.93ý
* Version 2.3

140mee go: OUL222 (Iaatitute of Defome Analyses)

Teot amemits for 13Lf:An.Z
fytvtm Cofiquared for : SMIUU
Toot PAI 00 17 ýX 1993 Ut 10.47:21

maTART-OMT: TSTý_~flMDAMLTaS1 , AM ;

ZRUTUAM.I8ANALIS : *LOT915 wo" : 13 CROrp

anakPhVIN: E W,0U9UL:

2* 1391

TRAC: function L &W USýTW flK. LLVIW

TRAC: Lime 0

TRACI: Line 10
*TRACI: Lime 10 while-loop Top-Of -Xdo

TVA~m. Line 11
UVAC: Lime 12

TRACI:Lim 12 ait aTm,
TRACI: Line 13
TRAM - Lime 10 awhile-loop m ottaff-Of-Lmoopa
TRsAC: Line 10 while-loop aTop-Of-Loop

TOM:a Lime 11
TR*ACI Lime 12

* 1U9AC: Line 12 aIf 15
TRACI: Line 13
TRAC3: Line 10 awhile-loop Ba ttam-Of-Loop
13AM: Line 10 awhile-loop Top-Of-Loopa
TRAM3: Line 11a
TRACI: Line 12
TRACR :Line 12 aif TRUE5
TRACI: Line 13
T3*03: Line 10 awhilo-loop R ottem-Of-2oop

*TRACI: Line 10 awhile-loop :Top-Of-Loop a
TRAM3: Line 11a
TRAC3: Line 12
TRACI: Lne 12 it 1102
TRACI: Line 13
TRAM: Line 10 awhile-loop a Setm.Of-Loor

TRAC: Line 10 awhile-loop Top-Of-Loopa
TRACI: Line 11
TRACI: Line 12a
TRACI: Line 12: if TRUE55
TM=-3 Line 13
TRACI: Line 10 awhile-loop M ottom-Of-100op
TRACI: Line 10 wfl~e-loop aTOp-Of-Lo0op

Figure 30-13. ATh Results of Coverage Analysis and Full Tracing of LLFTND
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!TAm: U... 12

TIN=: Uine 15 a

Mlum: U-n. 16

CM ( Iu[A ) ;PAaSlD
ItS.e 1S................................ Sm 'STw I ................................

* wI* osT1 0

gUTi7CK: ?nMcA OC;
sw m coW3.: ime o

... o...... ... ....................... Tw 2 ....................... °...........

3KBC•': 1U='lM3 M S.LI=
Rimected Celle .

CUM I mWAS= ) ;AS=6
'r3m 32

.. .. . .. . . . . . . .. ° ° ................................ M T W 2 - - - - - - - - - - - - - - - -

.... .............................. M 3 ..................................

MOK23: ZITI ?li.t MM.zUz= ,
amp.cted cal.l

3anceptla-*ok-SUat.,etd

DOME: LLiVI• UWj3_ .UDIa

inM ( I$1MM ) ;,PMSM
1Im 11

................................ r ------ ----................--............

MUICUM: NLI•[D TBIW MI.•
I•pectd Calls .

Dm:
3ump_1S.Wtqh.cred ;4

DOME: U~iW!3TP33ln. 1L1

OR= ( VAMP=Eam X tali')nlUlIt. 0
S. ........ *..... ......... * . • *.............. 00** * TEST. 4 - -- -- - - -- - - - - - --

V=D1OUIOMWJS ) 3o-Xh3I
f.1u. 87.50 t
lower Limit 100.00 0

Figure 30-13 continued: ATh Results of Coverage Analysis and Full
Tracing of LLFIND

0
70v

"/o0



07

Ippes unit 100.01 0

V~hw 0.00
Lasar Uinit 0.00
go"e Limit 0.01

C=KAMALTVIU I z2YT~L Ii
MCM) ;IDJ8
Valuea 5.00
Lower Unmit 0.00

*Upper Limt 10.0"
UP=URT LLP=?z*T30J=.M2,

SxinTMM:SVMMTzCS,

Aftalyus Sat-L~A&M-sr-yn. UaM
Wiomm 1lfifi.&
zgetnz~gbtod an 4 ,. Ar 21 10:47:19 1993

meauren Value
On-COMAM90.91 0

SThSIME OTATIOTIOS
*Lime Vr 3aCPticNa

a 4 .*
9 4

10 4 *
11 20 *.....***

12 20 *********O

12 9 **~
i5 3 0is 3
is 0 oc

24 1'

eaueVdalue
Dam07.50

==l~aow STAImTI~
Lime Wimer Twoe Ona~es ammutiu

10 while-loop Loop ezecutiome 4
Compete Iterations 17
Incomlete iterations 3
Mall loope 0
110004 Co~letiaonI

*12 It 2 9
VALS is

14 elsif TM3

Figure 30-13 contdnued: ATH Results of Coverage Analysis and Full
* Tracing of LLFIND
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Is it 213"
YPALU 0 c

COVIRMi ANALYSIS
mare Value

gOOLAMP 09AT033OV1UUWA1 100.00 6

BOOLAN OftAI7C8 STATISTICS 3V1Y

Not available. No Boolean inoumemtation

ick sIPT: lTL;LAlTUXs

Teot Results for ¶USTLLVDALZN MLYSIS
Teat run campleted at 10:47:22

Saript 2rcoar : 0 0
Cbecke le*oed :
Cbecuk latled : 1

Peath with Stub fVlurs : 0

Overall Test PL]1M
...........m . .........OOHIHIO~mIIII I aO li .......... ................. . .... . .

Figure 30-13 continued: ATh Results of Coverage Analysis and Full
Tracing of LLFIND
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huf*.rj~atpig. wo - em~maric code to woct around VADS problem

with DSSLaitioema WO6 Definitions
pa~ae touzsa.8I

promedae as M (I:n crýVOMMT) I
Procedure auOOM M(1u :mC c.vTI,
pragma zNLM MaM.M M)S

with 1stmt-o;
with Caleudar;
with Vasmati
pathag boly 30V93ZUIT..~sw to

task suovi Is
* entry Moog= Min CliCKSW);

entry Ogg= (I sat Cl 93OMW);
end 30913;

task boly Dorm3 to

uubtype 131u13 is PwCT Come Ia . -$I=3;
.aabtype 0021T913 is 331kAL COMOe 0. .3-UM
301 array ofiZ11)c CljOSý;

*~~=3 Iinn 303 11: 1;

CO 113f : -0;
TM CPJOKS?:;

begin
while not rinimhed lowp

select
.accept mAGW ii: iD ClICKSW) do

* ~it fletinitions.bfebsag than
Toxtlzo.Duat Line (Voait .TimeImge (Calsfiar .lclt) *a

SftdfsrngUtUMgu eabot to eaquaue: I S 1);
end its
it CWWc4I3 them -- chack it request Ignred

AV1(13301Sx) .Zi

COO1:-OMWt1;
end ifs

or
when cw". Wý

accept INROM :alt ClICKSW) do

1 :- 1WC;
It Definitim .Debag then

leato .PutLine (Vcxnt .TiMXnge (Calendar. Clock) *a

3ufer~gutgadequoueod: IMP & W

end If3;

a"

* Figure 30-14. ATHListing of BUFFER Package
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del.a 10.0;
end 0010m;

end loop;
and TAWM;

procedure S l: Min CPPI) is
begin

select

mall; -- Request ignored
end seleat;

procedure D.M (1gout CP.P ZIIw ) is
begin

Umh1U.09 (C));
end flS

and I zwgrmuu;
O

Figure 30-14 contlnued:ATH Listing of BUFFER Package
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*- with PACKýPga TU8T:
With U1 j tA

-- with any Reegrenced rackages:
with D8IzmrrwT * ONWi
use D"=I=UTZ lOMM7;

-- Test script reqaires the use of the ATRKCONWM Package:
with M SfiU.in

Tesot script requires the usne of other AMN packages. e.g
with OAflbZ38TNA88.1C...Cmk

with hDM3ST..3k$IAIý_T.1.J.A~LTMS i
use WPAT3STI~kNZS8T..hNP.LVT3S -
.............................................................................................
.............................................................................................

--or= SMrn
......... .............................................................................
.......... ........................................................................ ..

procedure 13Tw.U0?Vm Is

* .. natantations of dmmericýieCbks It needed:

Declare work variables:
R9MUT : CPIOSTA;

begin

SINW..3CMh1 ( TLST_3WPM3 I UNIXI

*~1 ain NA eeries of tests to check handling of PIXO qweue

Timmue be reset here for timng" analysis later in test script

* ~.. TmPTIN CSt

-UT CU I qeeltie-hRM

Set initial values:

Zntrodece call to ufit~under -Test with CeliList and Ie-aeoptionauIected:

begin

Figure 30-15. ATH Test Script for Testing Task BUFFER with Timing Analysis
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-. Make Call to Unit under Teat with appropriate value is) for in parsotera
and work variables for Out parameters and returnad values:

WVIkIVIV7._.MS8. IIQ' -11 (1 ., *AMM-A);
delay 1.0; -- Allow processing to be performed

Exoeption handler(s):
exception

*-If test can* requires. provide a CorrectIxceptiom handier, e ag.
-. when PACKAGE UNDIA TEST. WM~e?) UiCEZITZO -o

COR rECTE2CPTI(C ('ZXDZCTEDUCEPTZOK')

-. Always provide an ILLbGAL.1ICzPrICV handler for at least 'others',
when others .ý

ILIZGALUKMPTION ( 'others,
and

Ch Oeck the results of executing the Unitwindarýteat:
-- Out paremasters/raturned value
-- Global data

OCIMItTZhI (B-fl3231., 0.0000, 0.0065);

END TRST;

-- TMS CASE 2

STAST TEST ( 23
--CCMOT ( lnquetze 2nd item: ROMB3

begin

2U7VER-IUPGTJUSG . In .3U (I .ý *Dam,);

delay 1.0; -Allow processing to be performned

exception
when others

IILEGAL -ZICEPTIOH ( -Others-
end;

BRNDTRST

TEST CASE 3

R33rrTI1=;
STARTTMS ( 3

-- COUUT "DfeQUOUa lot queued itesi: SO=-

Figure 3G-15 continued: ATH Test Script for Testing Task BUFFER with Timing Analy-
sis
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begin

mwvniui -mawas I5g03 RESULT
delay 1-*0; -. Allow PrOoeeajing to be pergaMed

exception
wimn others -

MLaOAL..ICEfION ( *Others,
and;

aCHC ('DUQEME VALUE, RSULT,? 'AAlkh");
OcmflIUR (8W1M3wU. 0,0000, 0.000S);

TST AZI tiT(4

0 -. CONE ( equaue 2nd queued item: SEE3MS3

begin

aUwita33SPUrinG.DzQMM0 ( RSULT 3
delay 1.0; -- Allow processing to be pertained

exception
when other@ *ý

ILI~flAL3Z03TZ05 ( "Others,3
end;

CURcK ('MOM=3 VAM', fl3SUZLr, 23)

MIMTRST ;

............................................................................................

Fiur Bad 1 cotnud ATH Test Script secTstngTskBUFEowt

* Timing Analysis
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a................................. *0S** t ........

AdsTBT Ramese (e) IPL Infomation Processing Ltd. 1990-93
Version 2.3
License go: SPL0222 (Institute of Defence Analyses)S............ ....................... ....... ......................................

Toot Results for : T32SFUR
System Canigured tor : SVUWrM
Test Run on 19 M" 1293 at 13:03:23

START SCRIPT: T3hST3M13 SUW3_UM

-- A series of tests to check handliag of FIFO queue

R2:27ý_.IMKR;

................................. T I-.................................

UUCUoT: Zzomom=s.WaZR. ,
Rxpectod Call.

Uzpti mciot 3xpected

DOSr: 5OVVZ m, .UU.FER . i ,

mcI KTR( : ( W D ) :PMS
CHCKTIE: ( =_PN ) ;PASSZ

?DVAWZ = 0.000 secemis.

--------------------- -- -EN TRET I................................

Cur 301: ATH ResTlts of OUXU. T3F w i gs
Expected Calls-

exception-ot13Qpected

DONE: UPRNTJSD m. :

------- --- ---- -- RE 2.i? 82 2................................

EXCUTE: XU7FXR INPUT 308.303131.DNQXf
Ripeated Cmalls

.78

, cipticI OtIIM4Cted

CHC ( 0501030 VALUE ) ;PASSED
Its" *ARAMR

~CR..ITR: ( 3033_UuIX ) ;PAsSRO
TDM3kRVZ=.W 0.000 ineocads.

.------------------RE M 3 ................................

Figure 30-16. ATH Results of Testing BUFFER with Timing Analysis
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- I II I l~, e mil.

... ...................... ..................................

eated Calls

Uietioq.Uotý_Jbieated

DOMES,1T8.W~R.t3u

CHECK ( D020OR VALOR ) ~MSSUD
Zte 13e

in-SVUZP?: T38T501731

Test Results for TEST.-INUUR
Test run c letd at 12:03:27

script artor 0
ecks Plased : 4
ecks Feiled : 0

Checks Igmorod a
Paths with Stub Failures : 0

Overall Test- PA858
I.I...I.. J•.IJ.. I .... a ....................... ................................

* Figure 30-16 continued: Results of Testing BUFFER with Timing Analysis
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With PACIUMg31ORTM:
with 5UolU-I3Wt..M3Q

.. with any Referenlced Packages:
with OD1I3TIOUI. * VgT;
use 0ZP13ZI, * 1CMT;

--Test SCript requires the use of the M1LCDOAND pacakge:
with ADATM-UMMa3S-COMMUs ;

type AWME1032113 OMM isg ,DU0
type 1 ...... ......T.. ......h is. re......cor..d...

e-- Declare okaials

tnw. (AOUOUM is (20900, mUUZ9 AAAA EQZO ESLT.

ACTO :~ (ACTIONT ,TM; Zl?.'~C*DQ03ISL . ZZ

(I (ACTION - awgO013 XU1U.IXPWI *. 'WAIl DM3O=33S8W. -I '35235

2 (AMON . EUU, 3UOO3 IMPUT -Nam",' D2QUU33R.T - *aaaaa)

10 (ACTION ZWOMR XPQM=_~SUIXPOT *Z 1111?'. V3SVOX33SOZT . 'Cecce'
11 (AMON0 101amOM, XM ENXI~wO .ZZR 'IT!?. DX NSUT
12 (ACTION -rp~U.~ 3~. m-,' DUQIIUE)SSUL "Um.)33
13 -4ACTION aamu, ~W..I~T- I!, 9motmhs=L zz'11117

(TAMON~1T '?BST.)UPWU' 'inajMU') a W0_R= 'h

>m (' eis. et toCIO 09heck handlin Vzam 8 1S0qeu)am*

beegin

MWIý_WCOIWTR( 'TMD)Ma

Figure T 3017 *Ah TeisOest Scitfordw TabAlervnTsing of BUFFERwm

forMITChf i ThU'rng 80-



else
My _%MMM~aia.V6QM IRSML);

end It;
delay 1.0; -- Allow prooae~ing to be pertoaned

exceptlio
%am otbereb

IIJAWAL-UmflIO ( *Other.
end:

* ~Dm3
it TAMlE(Tzl CIB) .*CTIOE -DU them

ead it;

end loop;

end TEST S-llvaz

Figure 30-17 continued: ATM Test Script for Table-Driven Testing of BUFFER
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kAd&TNS T H nore (c) IPL Inforatin Processing Ltd. 190-93
Version 2.3
Licesns No: 8P.0222 (Inatitute of Defence Analyses)

Test Results for : 1•37? _OflFR
Sytem Can igured for : M_
Test Run an 21 NY 1993 at 12:46:30

......... ".0 .n...................................... ....................

6TAWSCZlT: 138 _ ST S , 8CW03 .MI ;

- A series of tests to check handling of FIFO queue

83i00ted Calls -

toRpt on Do•t U.ated

................................ am TOM I ................................

......................... I* 182 ----------------------------------

Zz5U: vmVj81_M s~rR .xVim.8mVax= ,
ampectd Calls -

aepti on Dgot ,cted

................................ ,ST 2 ...---------------------------------

S............ ..................... . Ta "4 ..................................

• : 161n3_139Wr am.161•m Z.•

Nipqected Calls ,

S ati*on "ot _~q~ected

0O0M: W Rm• _Rm.r p 1s . mooS ;

S....................... 60 1 s 3 ................................

.-- - - - - - - - - - - - - - - -TIM 4-.............................-----

f,3Co13: 301r5 UG zm•~~ .DmmnR.3~011.
bxected Calls -

Ux~ptionNot_ m~e tes

........................... t= ................................

-.. . . . .. . . . . . .. . . . .T STS.-----------------------------.....

Figure 30-18. ATH Results of Table-Driven Testing of BUFFER
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-oCUs: iurmnwwjT u -or.m.nsom ,
apected Call.

uansptlmpa.Ut...Rpactedom:

.. .T.: noU ..... .... ... .... ...•... ...

.. . .. .. .. . .. . ... ..... O u m _ r m s m ... . .. .. .. . . .. . . .. . .

a3.cted calls
a.d

3x"Ppticanmot.ipected I

S................................ =ll TIn 6 ................................

mpactod Calls .

inzasptiomas-at..Rfted I

DlOW: U 1 .01. W3a
m au u j~ wu nam

ambacted Calls

SDOW ,m, 0 avymD•_mlm.30•.D a

Ow= ( 03m t WAM ;PAS=

• ................................ MU 'STM S --------------------------------

S..................... ............. 'J m S -- -- - -- -- -.. . .. . . -----------------.

Exa.,ed Calls *

Z• -N.ptlmnot av.ected

• •~~D: DBCFJM~aamm.

iteam v"JmUUUA

.. ......................-- °-...... M '][J"[ 9 ............... ".................

S.................................. = 2S~ 10 ..................................

Figure 30-18 continued: Results of Table-Driven Testing of BUFFER
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Uatod calls

SzosptimanMvt_.Zect~d

CURCK ( D@0U VALO ) iMRASD
Iten *CCCCC.

... ... ... ... ... ... ... .. * SHM 2391 O.0.--------- -----------..........

UapinM~ot-axpected

CHICK I DEOXME VALOR ) ;PABSZ
Item. tm

-------------------------- TEST 12...................................

23pected Calls-

CUM ( DBORM VALOR ) ;PABSI
item ass .

----------------------- * S TIST 12.................................

IY3CU'Z 3S113RIU1T._MSGS .BUFl.DIQWU=
Soected Calls

tt~tiemnjotXmpmct~d

Dan:mzmsa.ouu

CInIC DK VALOR I ;PAS=

........................ IN TIT 13 ................................

ImnýSCU1T: TUSTS-lflfl;

Toot Results for TISTSUPPER
Test C~M comleted at 12:46:44

Script Urxrsr 0
Checks Passed 6
Checks Vailed a
Checks lgnored :0

Pathe with Stub failures 0

Overall Teot PAINED

Figure 30-18 continued: Results of Table-riven Testing of BUFFER
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--with VACIMnsPIIuakT;0-
with s3JV13a.USS;
Use vvMamw~rmoa

--with any bflegreaced Packages:
with 9XVZOZUM. MOW;
we OuvMMzin PON,

-- Test Script 1.911K.. the use of the A"TN MOM package:
with AVAMP cinM 1M
U041 -3ST 388.

- flclade ?WockV toiae

Yý N A amoiss of teats to check handling of 1170 queaue

* SUM .. M (M1 )

-- TMwi cum

delay 1.0; -- Allow proc.aingp to be paxtexumd

exetion
VbWM Others .31

UIIcwUITI= ( 'Others',
and;

Figure 30-19. ATH Test Script for BUFFER with Sample Start Simulation
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lin1 ( m~au la Item: SOMM2

*Wc6Mt .TinUWege :.2

begin

delay 1.0; Allo1w VCOaeeia to be pe~toind

exception

ILMIMe O (te a'hes

and;

NTXNT?3I2 2 3 )
.. ( *Deqkme let queued ite: 5

begin

delay 1.0; Allo*1w processing to be pertoinad

exception
when others .

ThL301L.ZCXPTIC ( *others' I

CW (IDQU3D VALOZI. WAS=, "AAA*A)

UIM CUBE 4

gUS? TEEI ( 4 ) ;
-- C *oeqpaeu and queued item: 302

I=?U13C1NW; 2;C

begin

delay 1.0; -- Allow processing to be peztozaed

Figure 30- M continued: ATM Test Script for BUFFER with Sample Start Simulation
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exoeption
when others

* ZUasaksCATION ( "Others*
end i

DOES
scam 11aa VALm,. RZOMr. aMIMI);

38?UTST i

.. ..*. .- .- c.WS...U. .. . . .. . . .. . . . .. . . .. . . .

end 72?3-S?30?3;

-- Rod of main Test Script section

-- e AM for aUUSt.TiMAZge

-. It may require use of the Commode ot Generic Checks packages for Checks:

with f iT3S CcZ

-. Stubs are coded as Separate@, soe provide the Package unew:
weparate Clariet)

.. Declare the Stub' nuan and wermtera:

*function TiseIwage (Clack_:ins in Calendar .?ine) return WT31 in

- natantiatinas of generic _Chcks if ceeded:

-- Declare --ork variables if any, and if stub is a function, declare a variable
-. of the a".reat twpe fot returning set values.-

P*TURNWg : 53MT (1-.20);

begin

came CuLL SIP io
when 1 .

* -Check values of In parmestere at point of call.* if needed:

- -Set requaired Out parsimter values or value of return va~riable:
U3TUMIAUM :.-hqUene tUMn I

when 2
XZ0VLAIJ0S M.*-Uqueue tiso 3 *'

Whant3 .3,
METO--IA Deqweu time I .

Figure 30-19 Continued: ATH Test Script for BUFFER with Sample Start Simulation
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wben 4 .3
UVT=M3_VLOU : Dequue tias 2

At and ofg all clauses to deal with ezqp"ctd calls, provide the fll~galCftl
*-handler:

when others

end Ceass

If. Stub is a function, return the return lvariable:
return (azUiN.'AzM);

Wxt the stub
end Time limage;

- - Rod of simulation section for Stub Poxaet. Time_ image.

Figure 30.19 Continued ATh Test Script for BUFFER with Sample Start Sknulatlon



A~t~s Harness (c) IVL~ Izzamtion Vvecsoala Ltd. 1990-93
version 2.3
Licens ga: OPLO222 (Institute of Defewe Analyses)

Test IS#Aultf tag : YUST -UIJIP
*yetes Conf igured for : 8wW11
Test Run an 20 MY 1333 at 13:3S:09

SZMSCIV : 2 5_UFM N3-= ;UIS.33 3

Expected Calls
I ormat. TI Iu..g. :I

Szcepti*Rsvot~zx.ted

STA EMS: 7,0t .ITisjXin
CM.L 57: Reference 1, Ca~ll I

........................ NDTEST I.------------...................

......................... * TEXT2......................................

ZZZC: Wv153 IPWT wM8.3U1WM.
Expected calls -

laisp lasNt_8upected

* SD~17-.(:Pozut .TlnelasXge

Re 1:3f erenes 2. Call 1

UWM o , at .TineMlMag

DOWS: m a jo m

------------ -------------------------------- RM TET 2............................... ----

................................. 72T3--------------------------------------

Expcted CalLS

ZxceptlanmfNatNxpated

STAWIUI: ftwast .?±msjags
ChSLLtrv 331: en 3, Call I

MSTUD Faist .T~wsmage

Figure 30-20. ATH Results of Testing BUFFER with Sample Start Simulation
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COCKi ( DE~EDVaw, ) WPASSM
Item *'AJAAAA•

----------------------- * TIM 43---------------------------------S~~~~~~~~~ 3~.................... i If 3 ................................

NCU19: n 3IUIzmF Is.3umR.nEREUE.
xpecte-d calls

povamat. Tns Zag::41
ExxcptiqoNott-pected

STAiTSTUD: Fozrat. Tifm Isage
CALL EN: Reterence 4. Call I

IMDT-S: Format.Tlmsm Image ;

DoME: DUFl InPT1_GBs.3wPR.DUQoEUE

cMCK ( Dogs= VALMOE ) ;PASS=D
Item *Ram.

............................ . .. T..T4................................

8CA1112P: TUST3UF1Ern;

Teat Results for TEST lDUFFOl
Test run completed at 13:35:13

script Error: 0
Checks Passed : 2
Checks Failed 0
OCecks Ignored : 0
Pathe with Stub Failures 0

Overall Test MUSSID
.............. . ... ...............................

Figure 30-20 continued: Results of Testing BUFFER with Sample Start Simu-
lation
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AdaUS? Iaatnumenter AT! V 2.1
4c) 1591*33 IlL, Information Processing Ltd

P. ilo type Annotated Source Pilo
Time run Fri. Way 20 10:01:56 1933
File now bufter-imput-wage.at1

Instrumented for.
static Analysis

* - Decision c roerge
* - statemnat Coverage

swneption cowera"
gooleen Coverage

2 buffer iaput~zwga. - mnongeneric coed to wast aruand VADS problem
2
3 with Definlitions;i use Definitions;
4 . Package 801183nowTEUS ise

SIZE 813 MIIvvLDRM.: ýICP G;

Iprocedure 019W MIin CF_..1CT);
9procedure a330 (Iout CFJONMOT);

10 pragne xamU (1U309 .DMQ03
11
12 a nd 013I OT ,
13
14 : with Thxt 10o;

i5s with calender;
16 with Format;
17 : package body 3D1PRM h1IMWUSQS ise

19 teask Sure3 toe
20 entry 3 (1: in CFjOMT),
21 entry DOUMU (ZMat CIPOUST);
22 a nd 301133,
23
24 : task body 301133 is

26 s ubtype 133WT!13 Ise POSITZYZ reane 1. .823;
27 s ubtype CO1T13T in MUR~AL range 0.8223,
2s NOW arraY (Ino=2Tl2) of Ck-YONOT,
23 : 13833? :.l
30 :I~wT 1UV :3?T :.1;
31 COMW COOTý_T3:.O;
32 TM ClW : AMW
33
34 begin
35 : bile not finiebed loap
36 : elect
37 : accept SIM (1: in CPIJPinT) do
36 if Definitiona.Debus then
33 Text.Xo.Put i~ne (Point .TimeZmge (Cinlendr .Clock) a
40 "SafternIputWge about to ongneoie: 2) & 1
41 and if;
42 :it CMWe4I2 then -- chec if request ignored

s0 : nd no..3 LZUTIUSS;
81

Figure 30-21. ATI Static Analysis of BUFFER Package
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mmaiYuis waves a file buffL*-input mug. a

Measure Vgain

0 DCAcD3I8

PAIC~U3IaM I

in0CMCZ1W4TXano 
0

8SP00iNu3xM 0

Analysis report Go pacirag @pacification U1RlTa

imr 6 a+* .

measur IU8INIM3Si

pA*wsL~m 1

DPRAOMM aa~nz

w aMMI..A RMONzaS 0
an 0

£ LI =C g 0

_mlTIm nmarans 0

VTZPLVI3Soeaaoma 0
=IT1jUC= MTT-~ mopuaam a 0
mumsuCUTa~mUS 0

Figure 30-21 continued: ATI Static Analyss of BUFFER Package
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....................... am OF RXPWT.--------....................--

.~aWys's report - vacliag baft 2wPUJz~mWY

was'jre Value

=cknrLK~ 0

-PYNT 0

wua~vM=eas 0

vA3IACRTz 0

inuxauI,.2Iainr3 0

GmzcyMuNAUMu 0
infctAZi 0

maha-;U Iý 0
A.Dcouvmzý 0

mzvXnumwsuian 0

UX=-T ý~PP 0
CAmZAuIMnr 0

wGvarO8TA 0

'mffnwýTnii 0
cvma8=AMinVXMA 0

m~AanPSMM 0

,m j~ja0

acFlaAigufe 3020otne:AISai n"so UFRPctg

* a31ac~m.~93



TDm�wtmT�caLLs a

mwTzm�mia3s 0

W0Zc�L0inAT0.S 0
mmas�a�Lyin6aa!�8 0
UZ�UVMDin0IA!0S8 0
inaranazinoeina�cm8 a
�RILI��0?33W0S8 a
uzmsT�wmucz.o,3mAvma 0
aua�CI�2Y0w1�L...30uS 0

a

0

0

0.00
�33 1

u!fa��a��Pua 1

Mz.g!D0.w1�0uaafam3 a
I.SI�b1UUL0SA!0E8 0

�zaiuw��owsaams 4
�rdI�D1aaL0.inmain6 s
nLsImjinIu
mLtTuaDyo�w1Aav S

uL5u20u33c!3Djm 0.00
U2LS!62D3�ZY!3ATZO 1.23

12.33
NaL3Y.aD3aTnm1�m3 0.00
�Lg332D3mflM.YO1 2.00
maw3aD1aY�.0vamsI�AcrI0u 0 * 14
m&T3w33?jaV�.)3I�3aCTz0U 1 * 60

LgIinwjwmaMulvaft? 37.04
Ls�aDY238?Da!3 5.23
&82UWPX11Z�47 4.37

MILS1�DZL3Vm. 0.23
aa�uaniwm&zcwiini 22.33

MA�OW33A�Cft� 0

.- w w................................
I:

).aly.ie .p.rt am tank WV1U1�6S .FPU

Msaaure Yalam
T@1AL..LZS 40

1
0

afl�C�3.Z.IN3S 36

LnsajNjinc3yna
ToALjNITur3a�j2Ia 3

w�3 0
wzucLAaaus 0

Figure 30.21 continued: AN Static Analysis of BUFFER Package
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uAnzaammY3..onin 7

GiZ..Dm3I i n" a

~ 0a

* 10
-- -BOM U a

0

0

cmatoamuin a
CMy-g=WMM

M-U om? 01

zvscurspnm 2

* as -ww-MUU T8ATM T 0

*z=awowQpA= 10

3W0CTA1N0
swo~Dc~a3tZV~WI32

P1TJWM

FigCT..ureI 3021otmd T U rlf fBFE akg

ZCYZV.1T95



s
avuma.....3 M1 3 3.71

mmu ua l s

uAmT, ..._utaL~z~o.owuaaS 31
83

ZlSUW.r.Lin 1 B147

~Z~gTD~wa~49
in~uin~ugc~zin~f224.64

N&MOSNOtRaD.YC 625.36, O •OMamm c 0.26
MZ~jVJO~ZAL.WW .00
mISIW...2aV3...OW.)b!UWZOU0.01mu.muw...mnav._ohawM3C2Ut'c 0.04

,85152.88
4730.72
103.17

zm, mINI'31.LZamicnO3...' 34.23

76
ua .oinMoa.._.mr 77

0
............... . . . .. .. 4........ .... Opp ----...............................

Malmsas repat an p WnntaD 3GfmZ3ww..

~aautvalue

. ..... ....

Amysis Topo=• an proCOWOwrm -••nu•'mmswnemsu

- 0

................................ m w =Pa .............................

Figure 30-21 continued: ATI Static Analysis of BUFFER Package
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--with PAWIUaI? *DNL~"

use 0FNM OM. 3PmaW

--Test script toqiatza the use at the ASNCO and £LTSIS packages:
with c S

with n!33A TI I
use aW3UU~TI

-- OM OPT

Instantiaticams at GnnexricCa~cks it needed:

Declar Work Variables:

begin

SUT3AWrCXP ( WATýW VM*, *=

COmi ( "A seMiss Of tests to check ha~nling Of 7110 quem )

- - TWT PAMS

STW13Tm ( I )
-. - ? CM 'Dequeum let item: ALVA'.

begin

delay 2.0;
3U113R2UT1 .~ (I Aa)

delay I.O -j Allow processiag to be peztamed

exception
wbe. othere .3,

age
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umwrcovinM3

BmTAW1U3? t 2 )
-- w (CIM euqueue 2nd Item: 33353k

delay 2.0;
wvm.zuwji Rugg (I 0ý1)i ~ ;

delay z.05; Allow processing to be performed

exception
uea others .2

ZIzNaAl..inPTIM ( *Others I
endt

DanT

MR33TUT3

UTARTMW.¶S ( 3 )
CO.M (1 *hequeu lot queued item: AMAAM

bein~r SVUZI1O W1RD~U*

delay 2.0;

delay 1.0; .. Allow proessuing to be pertosmed

exception
dIen others

ILaMUL.XEIMPO ' Others,)
end,
DmW

CO=~ (IN3GUU VALMI. * 33.T 'AAAPAI);

92221-238? ( 4 1
--CMV I Deq~ueu 2nd queued Itemt: 313

Figure 3022 continued: ATA Test Script for Coverage and Trace Analysis of BUFFER
Packcage
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begi

delay 2.0;
iWMi• 33lWM .DNQ== ( 33WT )
delay 1.0; - Allow procesimng to be pertormed

exception
whe *there -

zL z= mvwI ( ,Others.
end;

ICIO *,I V ,•O. 33W.?. 33333)

-- 9N clA directives to aheak and retrieve nalysi iainfozration

cNm-AmisU (3iUP=33wwxm.wl1U.
,,imAMmmr_;OVmuw,,

100.00, 100.01)
Caix3ZS (,3UVIURZUT3 .3Un,.

.D§CzXjaI _3OVlI •-.
30.00, 100.00) ;

IU31OII.. inlln (WVP33•II3 3IIUT~B ilG.331Pl3 "JML'),

-o CL0O3 SWlPT

end TUSTW3rm ;

Figure 30-22 continued: ATA Test Script for Coverage and TMrc Analysis of BUFFER
Package
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AdaNUsT ammese (c) ZPL lafoue.mti Prooesaing Ltd, 1390-93
Versica 2.3
Liesme No: SPL0223 (Institute of Defence haaly.es)

Test Reau.te for : TRIT 11m3
"atetm Configuared for : SM1333r
Teat Run om 28 AW 1993 at 10:46:15
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Figure 30-23. ATA Results for Coverage and Trace Analysis of BUFFER Package
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Figure 30-23 continued: ATA Results for Coverage and Trace Analysis of
BUFFER Package
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Figure 30-23 continued: ATA Results for Coverage and Trace Analysis of

BUFFER Package
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31. METRIC

METRIC is the newest member of Software Research's Software Testworks (STW)
toolset (see IDA Paper-2769, pp. 25-1 to 25-35). It provides static code analysis and is
intended to support maintenance activities by computing several complexity metrics.

METRIC supports two of the most popular families of metrics: Software Science and
Cyclomatic Complexity.

31.1 Tool Overview

METRIC was developed by Software Research who have extensive experience in
* the development and marketing of software testing tools. It was first added to STW in 1993,

and STW has over 3,500 licenses to more than 1,500 addresses worldwide. METRIC is a
language-independent tool supported by translators for Ada, C, C++, and Fortran. The
examination was performed on METRIC version 2.10 running on a Sun SPARC Station.

W At the time of examination, the price for METRIC as a stand-alone product started at
$4,000, but when bundled with other STW components this price drops to as low as $775

a copy.

METRIC operates through a graphical user interface that employs pull-down
menus. Once invoked, the user starts by specifying the file(s) to be analyzed. This is done

by selecting either the Load Single File option and then choosing the appropriate file from
the file selection dialog box that pops up, or by selecting the Load Multiple Files option and

identifying the set of files to be processed. (The set of files can be identified by a pattern
match, by highlighting each file separately, or by specifying the selection of all files shown

on the file selection menu.) Once the user specifies that processing should continue, the
files(s) are automatically analyzed to determine their complexity.

0 The analysis generates a Complexity Report and a new window is automatically

created to present this report. The types of information included in the report are deter-

mined according to a set of predefined default values. Essentially, the Complexity Report

lists the encountered program units (in their order of occurrence) and the Software Science
* and Cyclomatic Complexity measures for each. In order to help determine the most com-

103



plex program units, METRIC allows the user to specify ordering the presentation of the

units in terms of ascending/descending value of any of 17 complexity measures. (Special

symbols in front of a program unit name are used to indicate a task or package.)

Additional textual reports are available through one of the menus. A Summary

Report presents an accumulated account of the complexity measure for the entire source

code analyzed. An Exception Report identifies those program units that violate predefined

maximum complexity values. A Generic Report lists, for each encountered generic unit, the
generic name, the number of times it is instantiated, and the names of instantiating units.

Two special reports are provided for packages. The first of these identifies packages that

violate predefined complexity standards. The second provides an intermediate summary

report at the package level.

In addition to this textual reporting, METRIC offers kiviat diagrams as a graphical

means to view the effect of applying multiple metrics to the source code. Three types of

kiviat diagrams are available, each providing an increasing number of metrics to offer more

detailed insights into the software. Each of these kiviat diagrams represents information

presented in the Summary Report If desired, users can also define their own diagrams to

display selected metric values.

METRIC supports some tailorability through a special menu provided for setting

threshold values. Further tailoring is achieved by editing the configuration file; this allows

changing, for example, the default page length and the required minimum and maximum

estimated lengths of Ada packages.

METRIC also can be operated in command tine mode. In this case, the user simply
enters the METRIC command optionally followed by a series of options that determine the
types of textual output reports that are required. A separate command is provided for pro-
ducing graphical kiviat diagrams of the generated results.

31.2 Observations

Ease of use. METRIC is very easy to use, requiring no special knowledge on the

part of the user. Help boxes are available, although these only offer relatively high-level

information on various options. An Error Report is automatically produced if errors are S
encountered during processing and analysis. This report provides information that is help-

ful in correcting the error situation.
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Documentation and user support. As always, Software Research's documenta-

tion is extensive and very useful. In this case, the documentation includes discussions on

the development of complexity measures, the use of metrics to support both development

and maintenance activities, and a few words on the advisability of tuning metrics based on

historical data.

Ada restrictions. METRIC supports the full Ada language.

Problems encountered. No problems were encountered in the use of METRIC.

31.3 Sample Outputs

Figures 31-1 through 31-6 provide sample outputs from METRIC on the Ada Lex-

ical Analyzer Generator example.

105



*# A Samle of Type-% Kiviat Chart Definition

Sin Max Value Text

1 37 377 4 Avg. Cycamatic Complexity

1 47 477 5000 Lines of Cod.

1 107 1007 5S000 Software Science Length
1 7 77 s0 Estimated BError

10 0.700 1.970 1.S Purity Ratio

1 11 27 123 ol*Vactions
10
1

S

* A Semple of TOp-Il Kivjit Chart Definition

Kin INMx value Text
17 177 100 Unique Operators
27 277 100 Unique operands
37 377 100 Total operators
47 477 100 Total operands
57 577 too Software Science Length

67 677 100 Eot. Software Science Length
0.070 0.700 100 Purity Ratio
77 7777 too Software Bciance Volme

87 778077 100 Soft"a" Science Ef fort
97 977 100 Estianted Errora
107 1077 100 Estiated Tim TO Develop
117 1177 100 Cyclalatic CNI)eity
127 1277 100 Ext. Cyolmtic Cplexity
137 1377 100 Avg. Cycloti@c Colexity
147 1477 100 Avg. IEx. CycIGMatiC Co1pelzity
157 1577 100 Line of Coda
167 1677 100 #C nt Linme
177 1777 t00 "llank Line
107 1477 100 03maacutble Semi -colon

197 1977 100 Slpueti¢an

* A Semple of Type--X Kiviat Cart Dotefitioll

S Kin max Value Txt

1 1200 10 Uaique Operators
1 1000 6 Uique Operands
1 12000 10 Total Operators
1 12000 6 Total OZpnd
10000 100000 ssooo Software $ciance Length
1 100 s0 Estimted Error
100 10000 o000 Liane of Coda

1 1000 123 *?ainctions

Figure 31-1. METRIC Kiviat Chart Definitions
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32. McCabe Tools

The Battlemap Analysis Tool (BAT), Analysis of Complexity Tool (ACT),
McCabe Instrumentation Tool, SLICE, and CodeBreaker support the McCabe Structured
Testing methodology documented in NIST Publication 500-99 [NIST 1982]. BAT supports
examining software structure at both the program and module levels, it reports on software
complexity, generates call graphs and flowgraphs, and identifies needed test paths. BAT

also provides support for object-oriented applications via a Class Editor which allows the

user to group modules together into a class and then name it. ACT provides a subset of the
BAT functionality focusing on module level analysis. The McCabe Insumentation Tool
supports coverage analysis. SLICE is a data-driven software visualization tool that allows

the user to examine the last execution path taken through a program. CodeBreaker com-
pares the structure of modules or programs to aid in the identification of reusable and redun-
dant code, the locating of a particular module within a large system, or identifying the scope
of needed regression testing. It also compares program implementation with design.

Additional tools, not examined here, are START, McCabe 00 Tool, CaseBridge
and BattlePlan. START analyzes Data Flow Diagrams (DFDs) to compute requirements
complexity, identifies DFD components which may run asynchronously, and identifies end-
to-end-scenarios, both in terms of test conditions necessary to drive each data flow scenario
and in terms of data flows for acceptance testing. McCabe 00 Tool provide static and
dynamic analysis for object-oriented designed software. CaseBridge provides both forward

and reverse engineering interfaces between BAT and the StP and Teamwork CASE sys-
tems. BattlePlan is a new tool; it is a front-end CASE tool that allows users to design new
applications and incorporate new functions into a system within the framework of reverse

engineering. The Inference Engine, a BAT option, provides a query language intended to
help a user identify where a design needs to be improved; this option was not examined.

McCabe Structured Testing is based on the cyclomatic complexity metric. This

metric has been the subject of several evaluations. In 1988, the Air Force Electronic Sys-
tems Division (ESD) adopted the measurement and control of cyclomatic complexity on all

of its contracts.
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32.1 Tool Overview

The McCabe tools were developed by McCabe & Associates. This organization

supports a user group and provides a newsletter and hot-line support to tool users. Training 0

seminars and consultancy services are also available. Most of the McCabe tools support

over a dozen languages and over two dozen dialects, including Ada, C, C++, Cobol, Pascal,

Fortran, and PL/l. The recently introduced McCabe Instrumentation Tool, however, cur-

rently only supports Ada, C, C++, Cobol, and Fortran. The tools also support Caine, Faber,

and Gordon PDL and those PDLs employed by StP and Teamwork. The tools are available

on a wide range of platforms, including Sun, Apollo, HP, and NCR Tower workstations

under Unix, DEC VMS and Ultrix systems, and the IBM PC under DOS. They use OSF/

Motif and OpenWindows as appropriate.

The tools are packaged in various ways. ACT, CodeBreaker, and the Instrumenta-

tion Tool can be invoked via the graphical McCabe Menu-Driven User Interface. BAT has

its own graphical user interface; with the appropriate licenses, CodeBreaker, the Instrumen-

tation Tool, and SLICE can be invoked from the BAT interface.

The evaluation was performed on McCabe tools version V 19920601-1 13 CTS run-

ning on a Sun SPARCstation under Unix with OpenWimdows. At the time of evaluation,

the price for ACT started at $11,500 and the price for BAT at $21,500. Other tools are pur-

chased in addition to BAT and the price for CodeBreaker started at $5,000; the price for the

McCabe Instrumentation Tool and SLICE, together, started at $5,000. McCabe & Associ-

ates will provide prospective users with a working example of the users' own program.

Additionally, demonstration discs for ACT are currently available, and expected to become

available for the McCabe Instrumentation Tool in the near future.

Some aspects of tool usage are common to all of the McCabe tools. All Ada source

programs must be parsed before the tools can be run. Several different parsers are available

for Ada source code, the choice of which to use depends on the task at hand, for example

instrumentation or analyzing Halstead metrics. Each parser translates Ada source code into

McCabe intermediate files. By default, the parse library resides in the current directory; the

user must be careful when moving between directories not to create multiple parse libraries

and also to ensure that successive parses do not corrupt the parse library. While parsing in

correct compilation order is not necessary to use the full capabilities of ACT, it is recom-

mended. Access to the full capabilities of BAT requires parsing in compilation order.

1
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The tools use two configuration files to specify needed information. The System

Configuration File defines, for example, the chart plotter driver and applicable parsers. The

Program Configuration File defines the source files that make up each program.

Finally, tool operation can be modified via a set of commands given in an exclude

file. (Although the use of exclude files is only available under a BAT license, these special

files can be used to affect the output of other tools as well.) Exclude files can be used to

limit the level of calls from a module, exclude modules from analysis, or bind together

classes of similar modules. They can be used via either the graphical or command line inter-

faces, or through special entries in the Program Configuration File.

32.1.1 ACT

The ACT has two primary purposes: examining the control structure of a module

and generating the set of test paths needed for basis path testing. Basis path testing is a form

of structured testing where the minimum set of linearly independent paths through a mod-

ule are exercised. ACT can be applied to both PDL and source code.

Using one of the graphical user interfaces, the user starts the application of ACT by

identifying the program, file(s), or module(s) of interest. The various options and tool func-

tions are then invoked via pull-down menus. To aid in the examination of module control

structure, ACT generates flowgraphs that give a graphical overview of the structure of each

module. This special type of directed graph uses different colors, or line types if color is not

available, to distinguish between upward flows, a structured exit from a loop, and other

plain downward flowing edges. Similarly, edges for loops or loop exits are shown as curved

lines, whereas most other edges are straight lines. Flowgraphs are supported by annotated

source listings that relate a graph back to the source code. The final capability provided in

this category is the analysis of module complexity. ACT reports on complexity in terms of

McCabe's cyclomatic, essential, and module design complexity, and using lines of code

and Halstead's metrics.

ACT supports McCabe Structured Testing by deriving a basis set of end-to-end test

paths for a module. These test paths can be presented graphically as a path through the flow-

graph (either superimposed on the flowgraph or showing test paths only) or listed textually

with their corresponding node numbers and test conditions. Some of the generated paths

may be unrealizable, for example, where there are data dependencies between conditions

that prevent a condition from taking on the values required to execute its branches. ACT

115



also gives the user the option to define his own set of test paths. This capability allows, for

example, eliminating unrealizable paths from the set of test paths derived.

32.1.2 BAT

BAT extends the functionality of ACT is several ways; primarily, it extends the stat-

ic analysis to address the integration complexity of source code and the generation of inte-

gration test paths. The following discussion just addresses the additional functionality
provided by BAT. Like ACT, BAT can be applied to PDL in addition to source code.

On its invocation, BAT starts by presenting a Battlemap display of the program
under examination. The main part of a Battlemap display is a structure chart that graphical- 0
ly dispidys the modules in a program, or subsystem, and the calling relationships between
these modules. The cyclomatic and essential complexity of each module can be shown on

a Battlemap using the following symbols:

D ]Low cyclomnatic com-
plexity

D -High cyclomatic com-
plexity

SHigh cyclomatic com-
plexity

Alternatively, on a color monitor, colors can be used to represent different complex-
ity levels. Special notations to represent iterative and conditional calls between modules are
available. Structure charts can be drawn in footprint, terse, or verbose detail, essentially P
affecting how modules are identified. View options allow adjusting structure chart layout
and positioning within the structure chart; in this last case, the user can search for a partic-

ular module on a large Battlemap display and the display will automatically reposition with
respect to this module. A variety of information can be called up by clicking on a module. S
This includes the annotated source code listing, module flowgraph, module summary, test
path listings, and test path graphs. Free-form messages or specifications pertaining to a
selected module and even, on a Sun SPARCstation, audio notes to annotate a selected mod-
ule can be entered and retrieved. By clicking on a line between modules, the user can
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request a line summary report. This gives the numbers of the connected modules, line type
(unconditional, conditional, iterative), and any invoked parameters. A Battlemap display
can be printed as a whole or as a set of subtrees. The print of the entire structure chart can
be compressed onto a single page or spread across several pages with special switches con-
trolling the use of off-page connector symbols. Other switches allow the user to set the
detail level and request the display of formal parameters on the printed structure chart.

Under its graphical interface, all BAT tools and options are invoked from the Bat-
tlemap display using pull-down menus. In addition to the cyclomatic and design complex-
ity analysis performed by ACT, BAT also examines essential complexity at the module
level to give a feel for the degree to which a module contains unstructured constructs.
Cross-referencing between modules is given by listings of called-by and calls-to relation-
ships. Additional textual information supporting the Battlemap display is a context listing
showing where modules are located and an index listing that maps module numbers to
module names. These listings can be sorted alphabetically, numerically, by position on Bat-
tlemap, or by complexity value.

To aid in understanding the design structure of a program, the user can request BAT
to generate the design subtrees embodied in the program. These subtrees are superimposed
on the Battlemap display and the user can step forward and backward through successive
ones. Textual listings of subtrees can also be generated, in this case giving the associated
end-to-end test conditions for each subtree that will support structured testing at the inte-
gration level. Subtree graphs and text can be generated at both the design and cyclomatic
complexity detail levels.

BAT performs static analysis on the program structure to report on its design .- -m-
plexity and integration complexity. Both these metrics are based on module design com-
plexity and take account of the program's architecture. Branch count metrics report on the
number of branches contained in each module. In addition to textual listings, graphical rep-
resentations of the McCabe and Halstead metrics are available. These graphical represen-
tations are a histogram, scatterplot, or kiviat diagram where the user can portray selected
default metrics or choose from a menu of the full set of McCabe and Halstead metrics. The
user can also change the threshold values assigned to chosen metrics.
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32.1.3 McCabe Instrumentation Tool

The McCabe Instrumentation Tool works with either ACT, for structural coverage

analysis at the unit level, or BAT, to support coverage analysis at both unit and integration
levels. Instrumentation is simple and performed similarly under both tools. When perform-

ing instrumentation from BAT, for example, the user only needs to specify the destination

of the instrumented files (necessary since otherwise original source files will be overwrit-
ten), the files to be instrumented, and the instrumenting parser in the Program Configuration

File, and request the export option. The instrumented files are then generated and written

to the specified directory. After the provided McCabe library of instrumentation routines

has been compiled, the instrumented files are compiled and linked as usual. When run, the

instrumented program creates a file of trace data which is subsequently imported back to
the BAT environment for analysis. BAT maintains a data base of test results so the results

of successive test runs can be accumulated for cumulative coverage reporting.

Coverage information is available textually and, using the capabilities of either
ACT or BAT as appropriate, graphically to provide a visual representation of test effective-
ness. At the module level, the tool reports on the tested, untested, and partially tested basis

paths. Tested and untested paths can be listed textually or graphically by, for example,
superimposing paths on the module flowgraph. A branch coverage report shows the number
of branches, the number tested, and the percent of branches tested for each module. In this

case the graphical equivalent is an edge coverage graph which is a subset of the full module
flowgraph (edges that do not lie on a tested path are omitted) and which gives a visual over-

view of unit test coverage. Finally, the actual complexity is compared to cyclomatic com-
plexity to give a module testedness report that can be used to identify modules requiring

additional attention.

Similar types of information are provided at the integration level, but here reports
address tested, untested, and partially tested subtrees. Again, information is available both

textually and graphically (this time superimposed on the Battlemap display). Two new met-
tics are used to relate achieved coverage to desired coverage. The design testedness metric
provides an overview of the testedness of the entire program, whereas the integration com-
plexity metric summarizes the number of subtrees at the design detail level. 0
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32.1.4 SLICE

A software slice is defined as the set of code touched by one execution trace through
a program. Visualization of a slice is useful in, for example, debugging to identify where a
bug is located and the path and code associated with the bug. It can also be used to aid in
establishing the traceability between requirements and physical code by picking test data
that is representative of a particular functional requirements and obtaining the correspond-

ing execution slice.

The SLICE tool determines slices dynamically as a program executes with chosen
test data. It requires both BAT and the McCabe Instrumentation Tool. First the program is
instrumented to produce a trace file, executed with sample data and the trace file imported
back into BAT as discussed previously. The user then can access SLICE data in one of two
ways. To request SLICE information for a single module, the user can click on that module
on the Battlemap. BAT then displays the slice of code that was traversed during that mod-
ule's execution. The slice is shown both graphically and textually. For the graphical view,
the module's edge coverage graph is shown with the edges that were traversed during exe-
cution being denoted by a solid line. The textual view is presented alongside with the exe-
cuted path through the associated source code highlighted.

To view slice information for the program as a whole, or for several modules, the

user switches to the instrumentation mode within BAT; this causes the SLICE options dia-
log box to be displayed. Here, again, information is presented both graphically and textu-
ally. In this case, however, the edge coverage graph and associated text is presented for each
module in turn, in the order that the modules were executed. The user can step forward or
backward through the set of traversed modules. Other SLICE options allow the highlighted
text and edge coverage graph to be printed.

32.1.5 CodeBreaker

CodeBreaker is primarily used to compare the structure of two modules or two pro-
grams. This is used for purposes such as verifying that the restructured version of a module
preserves both the decision structure and the calling structure of the original, comparing an

original and modified module to determine the design paths that need regression testing,
and aiding in the identification of likely candidates for further examination as possible
redundant or reusable modules.
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The user can request the comparison of modules contained in either two specified
files or two specified programs. CodeBreaker then compares the designs of the selected

modules. It does this by generating a basis set of expanded or design-reduced paths through 0
the first module and examining each corresponding path through the second module for

matches or mismatches. The user can set switches that control what the tool classes as a

mismatch; these switches cause CodeBreaker to ignore condition names, module names, or

module calls. An additional switch specifies that attempts should be made to match the sec- 0

ondary module to any subgraph of the primary module. To aid in identifying likely candi-

dates for comparison, the user can also request a list of the modules in two programs sorted

by the weighted sums of their complexity metrics.

Program comparison is performed in a similar manner. Here CodeBreaker gener-

ates a basis set of integration paths through the first program and attempts to find a corre-

sponding subtree through the second program that "matches" each of these paths. Again the

user can request that module calls, modules names, and condition names be ignored. In this

case, an additional switch allows the user to specify the required level of comparison in

terms of module invocation depth.

For both module and program comparison, the output depends on the choice of

which object is treated as the primary object and which the secondary. For complete com-

parison results, each object should be examined in both roles.

32.2 Observations

Ease of use. Most of the tools have a graphical menu-driven interface for use with

windows and a command-driven interface for use when windowing is not available. In all

cases, the interfaces offer consistent usage; for example, if no program name is given for a

tool invocation, the default is taken from the Program Configuration File. The graphical

interfaces are uniformly easy to use. While not actually difficult to use, the command line

interface can require the user to give many arguments to invoke full tool flexibility and 0

power. This interface helps the user by allowing him to request information on the argu-

ments available with each command type.

Minor tailorability is allowed through the use of the system. def file. This file is

used to specify editor, parser, printer, and plotter information. It also provides for custom-

ization of font format, graph layout and notation, use of colors, threshold values for various

metrics, and special options for some tools. In addition, special environment variables
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allow, for example, specifying a directory for the parse library to reside in. Users can have

their own version of the system. def file.

In addition to supporting flow drivers for HPGL plotters, HP Laserjet compatible
output for Unix and DOS, Postscript output, and scrn for DOS, these tools also support a
zoomflow driver that generates output for X-Windows and OpenLook users, allowing the

user to enlarge or reduce flowgraphs presented on the screen.

Documentation and user support. The tools are supported with extensive docu-

mentation. In a couple of cases, the documentation did not exactly match tool operation,

but these slight deviations caused little difficultly. McCabe & Associates was very helpful
and prompt in answering any questions that arose.

Instrumentation Overhead. The user can limit the amount of instrumentation per-
formed by explicitly identifying the files to instrumen Additionally, using the command
line interface, the user can specify which modules within a file to instrument. Full instru-
mentation of the Ada Lexical Analyzer Generator gave an increase in source code size of
28% and an increase in object code size of 15%.

Ada restrictions. These tools do not handle concurrent Ada programs. Tasks are

treated as sequential subprograms. Specifically, the select statement is treated similar to a
0 case statement, accept and abort statements are ignored, a terminate alternative is treated

as a return statement, and a remote procedure call referring to an entry declared in another
task (t) is translated to a call to the task (t) itself. The Ada parser ignores exceptions that

can be raised implicitly by means of exception propagation. An explicit raise statement is
* always translated to a return statement regardless of whether a handler is associated with

the exception. For convenience, all handlers attached to the end of a frame are grouped

together like a case statement and treated as a separate module. Extended names are not
used and the parser differentiates between overloaded or redeclared module names by

*1 assigning version numbers to module names in the order of their arrival to the parser. Since

the parser does not remember the types and object declarations in programs, it is not able

to perform overload resolution when parsing a subprogram invocation that referred to an

overloaded subprogram name. Instead, it chooses arbitrarily from among the module
names that correspond to the overloaded subprograms. This may result in inaccuracies in

the BAT outputs.

Problems encountered. No problems were encountered in tool operation.
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32.3 Sample Outputs

Figures 32-1 through 32-40 provide sample outputs from McCabe tools.
1

0

0
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Annotated Source Listing

Program: ll_.ccpile
File: /eval/mccabe/work/ll_co1cile .a
Language: instada Date/Time:12/28/92 14:01:23

Module Module Start Num of
Letter Name v(G) ev(G) iv(G) Line Lines

A lIlfind 5 4 1 145 19
9 llprtatring 3 3 2 168 8

C llprttoken 2 1 2 180 9

D liskiptoken 1 1 1 193 9

2 llskipmode 1 1 1 206 10
F llskipboth 1 1 1 222 11
O Ilfatal 1 1 1 237 8
H getcharacter 3 1 3 2S1 12

I cavtstring 3 1 1 275 10

J maketoken 11 1 7 286 39

K lineittoken 2 1 1 340 8

L buildright 10 4 9 394 54

M buildselect 2 1 2 453 8

N readgram 6 1 5 463 35
O erase 3 3 1 508 13
P match 4 4 1 538 14
Q expend;1 8 1 3 554 38

R synchronize 9 4 5 602 49

S testsynch 3 1 2 653 12
T parse 11 1 9 667 52
U lIlmain 1 1 1 721 4
V 11_compile 1 1 1 727 3

141 function LLFInD( ITEM: LLSTRINGS; WHICH: LLSTYLE ) return INTSMR is

142 -- Find item in symbol table -- return index or 0 if not found.
143 -- Assumes symbol table is sorted in ascending order.

144 LOW, MIDPOINT. HIGH: INTMM;
145 AO begin
146 Al LOW :u 1;
147 A2 HIGH a LLTABLSIZZN + 1;
148 A3 A4 while LOW /a HIGH loop

149 AS MIDPOINT := (HIGH + LOW) / 2;
IS0 A6 if ITEM < LLSROLTABLE (MIDPOINT) .KY then

151 A7 HIGH := MIDPOINTI
152 AS elsif ITEM a L LTLJ (MIDPOINT).KXY then

153 A9 if LLSYMOLTABLX(MIDPOINT) .KIND = WHICH then
154 AlO return( MIDPOINT );
1SS else
156 All return( 0 );
157 A12 end if,;

158 else -- ITMD - LLSYISOLTANLH(MIDPOINT) .KEY
159 A13 LOW := MIDPOINT + 1;

160 A14 end if;
161 A1S end loop;

162 A16 return( 0 ); -- item is not in table
163 A17 end LLFIND;

Figure 32-1. ACT Annotated Listing for Function LLFIND
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XUMfICS FOR PRO=RM 11Lco~ilO

god # ODDULN v(G) ev(0) iv(G) #Lines Line #

52 11f ed S 4 1 19 145
SO llprtstring 3 3 2 6 166

39 llprttoken 2 1 2 9 160

S liskiptoken 1 1 1 9 193

30 lskipaode 1 1 1 10 206

4 Ilskipboth 1 1 1 11 2322
19 119tal 1 1 1 8 237

3 getCharacter 3 1 3 12 251

9 cvtstring 3 1 1 10 275

6 maketokon 11 1 7 39 296

22 hlnexttoken 2 1 1 8 340

13 buildright 10 4 9 54 394

14 buildseolct 3 1 2 8 453

10 roadgram 6 1 S 35 463
18 erase 3 3 1 13 508

8 match 4 4 1 14 538
2 expead;1 8 1 3 38 554

20 synchronize 9 4 5 49 602
16 testaynch 3 1 2 12 653
11 parse 11 1 9 52 667

7 hImain 1 1 1 4 721

1 11_cosmpie 1 1 1 3 727

57 get-char 3 1 3 11 57
51 chazadvance 3 1 3 1s 70
53 look•.ahead 1 1 1 S 87
41 next._charactor 3 1 3 21 94
42 next-identifier 4 1 3 18 116

43 nextspec.sy" 10 1 10 38 138
40 next-string 4 3 2 17 179

36 advance 8 4 8 31 197
72 amergeranges 2 1 1 6 107
70 alternate 14 9 6 54 114
34 char.rzane 3 1 1 13 175

58 restrict 14 1 8 65 219
59 tall 11 4 5 63 290

54 resolve_ambiguity 15 9 12 98 363
44 cowlete-ait 8 1 5 40 462
65 coplete*_concat 8 1 5 40 507
67 complete~opt 3 1 1 16 553

37 ccolete_.pat 12 1 9 53 S70
24 coppletepatterns 2 1 2 6 627

21 Iltakeaction 68 1 40 192 27

sum 402 127 270 1837
mean 6.28 1.98 4.22 28.7

Nunber of modules: 64

Figure 32-3. ACT Metrics Summary

125



Program: 11-compile

Module Name code colmsent blank code & coment
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0

Ilfind 17 0 0 2
llprtatring 6 0 0 0
llprttokan 7 0 0 1
Ilskiptoken 7 0 0 0
llakipaode 8 0 0 0

liskipboth 9 0 0 0
litatal 6 0 0 0
get..character 10 0 0 0
cvtustring a 0 0 0
make~token 37 0 0 0
llnexttoken 6 0 0 0
buaildright 48 4 0 0
buildmelect 6 0 0 1
readgram 31 3 0 4
erase 9 2 0 3
match 11 1 0 3
expand;1 32 5 0 1
synchronize 44 3 0 0
testeynch 9 2 0 1
par&* 45 6 0 4
llmain 3 0 0 3
11..compile 2 0 0 1
get-char 9 0 0 00
char~advance 12 1 0 1
lookahoad 3 0 0 0
nextacharacter 19 0 0 0
next-.identifier 16 0 0 0
next...pec...ym 36 0 0 0
noxt...tring 15 0 0 0
advance 29 1 0 1
m~rge-ranges 4 0 0 0
alternate so 3 0 1
char~range 9 2 0 0
restrict 58 5 0 1
tail S4 7 0 1
rosolve~ambiguity 92 4 0 0
C=W1et*.alt 35 4 0 1
cow1etseconcat 36 2 0 0
cow1*teOPt 13 1 0 0
cc~lete~pat 47 S 0 1
co~lete~pattorms 4 0 0 0
concatenate 6 0 0 0
cvt~ascii 23 0 0 0

store-pattarn 21 3 0 0
1ltakeaction 190 0 0 0

Figure 32-4. ACT Line Count Report
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Program: ll_-cmpile

N Program length V Program volume L Program level

D Program difficulty I Intelligent content E Programing effort

3 Brror estimate T Programing time

Nodule Name N V L D I Z a T

llfind 74 459 0.05 21.5 21.4 9879 0.15 548.8

llprtatring 37 193 0.10 10.5 18.4 2024 0.06 112.4
1lprttoken 42 226 0.09 11.5 19.7 2604 0.08 144.7

1lskiptoken 42 226 0.08 12.0 18.9 2718 0.08 151.0

1lskipnode 63 377 0.06 17.5 21.5 6590 0.13 366.1

llskipboth 66 399 0.05 18.5 21.6 7380 0.13 410.0

lifatal 38 199 0.09 11.0 18.1 2194 0.07 121.9
getcharacter 40 213 0.09 11.0 19.4 2342 0.07 130.1
cvtstring 32 160 0.11 9.0 17.8 1440 0.05 80.0
maketoken 211 1629 0.02 61.5 26.5 100193 0.54 5566.3

llnexttoken 39 206 0.10 10.5 19.6 2164 0.07 120.2

buildright 251 2001 0.01 67.5 29.6 135056 0.67 7503.2

buildaolect 42 226 0.09 11.5 19.7 2604 0.08 144.7
readgram 176 1313 0.02 48.5 27.1 63674 0.44 3537.4
erase 38 199 0.10 10.S 19.0 2094 0.07 116.3

match 47 261 0.07 14.0 18.6 3655 0.09 203.1
expand;1 192 1456 0.02 51.0 28.6 74272 0.49 4126.2

synchronize 250 1991 0.01 71.5 27.9 142388 0.66 7910.5
testsynch 35 180 0.10 10.0 18.0 1795 0.06 99.7
parse 239 1888 0.02 66.5 28.4 125572 0.63 6976.2

1imain 6 16 0.50 2.0 7.8 31 0.01 1.7
11_ccm£ile 3 5 1.00 1.0 4.8 5 0.00 0.3
get_char 38 199 0.10 10.5 19.0 2094 0.07 116.3

char_advance 48 268 0.08 13.0 20.6 3485 0.09 193.6
look_ahead 17 69 0.22 4.5 15.4 313 0.02 17.4
nextcharacter 114 779 0.03 33.0 23.6 25705 0.26 1428.1
nextidentifier 86 553 0.04 25.0 22.1 13816 0.18 767.6

next.spec.sym 149 1076 0.02 43.0 25.0 46253 0.36 2569.6
next_string 79 498 0.04 22.5 22.1 11205 0.17 622.5

advance 114 779 0.03 33.0 23.6 25705 0.26 1428.1
mergeoranges 40 213 0.09 11.0 19.4 2342 0.07 130.1
alternate 314 2605 0.01 89.5 29.1 233104 0.87 12950.2
charrange 55 318 0.06 15.5 20.5 4929 0.11 273.8

restrict 289 2363 0.01 82.0 28.8 193729 0.79 10762.7
tail 320 2663 0.01 88.5 30.1 235677 0.89 13093.2
resolveambiguity 685 6453 0.01 190.0 34.0 1226008 2.15 68111.5

comlete_alt 225 1758 0.02 61.5 28.6 108123 0.59 6006.8

compltet€coucat 225 1758 0.02 61.5 28.6 108123 0.59 6006.8

cowlete.opt 60 354 0.06 16.0 22.2 5671 0.12 315.0

storepattern 122 846 0.03 32.5 26.0 27480 0.28 1526.7

lltakeaction 1234 12672 0.00 323.5 39.2 4099425 4.22 227745.8

Figure 32-5. ACT Halstead's Metrics Report
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Program: ,Llcompile

Module: llfind
Program length (N): 74 0
Program volume (V): 459
Program level CL): 0.05
Program difficulty (D): 21.5
Intelligent content (1): 21.4
Programing effort CE): 9879
Error estimate (9): 0.15
Programming tiame (): 548.8

module: llprtstring
Program length (N): 37
Program volume (V): 193
Program level (L): 0.10
Program difficulty (D): 10.S
Intelligent content (1): 18.4
Programming effort (Z): 2024
Error estimate (B): 0.06
Programming time (T): 112.4

Module: llprttoken
Program length (N): 42
Program volume (V). 226
Program level (L): 0.09
Program difficulty (D): 11.S 0
Intelligent content (1): 19.7
Programing effort (E): 2604
Error estimate (9): 0.08
Programm•ng time (T): 144.7

Module: llkiptoken
Program length (N): 42
Program volume (V): 226
Program level (L): 0.08
Program difficulty (D): 12.0
Intelligent content (1): 18.9
ProgrammIng effort (E): 2718
Error estimate (8): 0.08
Programming time (T): 151.0

Module: Iltakeaction
Program length (N): 1234
Program volume (V): 12672
Program level (L): 0.00
Program difficulty (D): 323.5
Intelligent content (1)1 39.2
Programming effort (E): 4099425
Error estimate C)): 4.22
Programing time (T): 227745.8

Figure 32-6. ACT Verbose Halstead's Metrics Report
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Program: Il_coMpil*

Module Name Uniq Op Uniq Opnd Total Op Total Oped

llfind 43 31 43 31
11prtstring 21 16 21 16
llprttoken 23 19 23 19
llskiptoken 24 18 24 18
llskipnode 35 28 35 28
llskipboth 37 29 37 29
lifatal 22 16 22 16
get_character 22 18 22 18
cvtstring 18 14 18 14
make*token 123 88 123 88
llnexttokon 21 18 21 18
buildright 135 116 135 116
buildselect 23 19 23 19
readgram 97 79 97 79
erase 21 17 21 17
match 28 19 28 19
expand;1 102 90 102 90
synchronize 143 107 143 107
testsynch 20 15 20 15
parse 133 106 133 106
limain 4 2 4 2
11_comile 2 1 2 1
get-char 21 17 21 17
charadvance 26 22 26 22
lookahead 9 8 9 8
noxt-character 66 48 66 48
next-identifier so 36 so 36
next.spec-sym 86 63 86 63
next.string 45 34 45 34
advance 66 48 66 48
merge-ranges 22 18 22 18
alternate 179 135 179 135
charrange 31 24 31 24
restrict 164 125 164 125
tail 177 143 177 143
resolveambiguity 380 305 380 305
couplete-alt 123 102 123 102
copleteconcat 123 102 123 102
com1ete-opt 32 28 32 28
copletepat 128 100 128 100
coMpletepatterns 11 10 11 10
concatenate 27 18 27 18
cvt.ascii 89 82 89 82

store__pattern 65 57 65 57

litakeaction 647 587 647 587

Figure 32-7. ACT Halstead's Operand Count Report
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Cyclomatic Test Paths Listing

Program: ll_..compile

Date/Time: 12/28/92 14:27:43

Module Name: llfind Complexity: 5

Test Path 1: 0 1 2 3 15 16 17
148( 3): low I/ high ==* FALSE

Teat Path 2:0 1 2 3 4 5 6 7 14 3 IS 16 1'
148( 3): low /a high s=- TRUE
150( 6): item < llsymboltable(midpoint) .key ==> TRUE

148( 3): low /a high ==> FALSE

Teat Path 3:0 1 2 3 4 5 6 8 9 10 17
148( 3): low /z high =a> TRU- 0
150( 6): item < llsymboltable(midpoint).key -=> FALSE
152( 8): item . llsymkoltable(midpoint).key .s> TRUE

153( 9): llsymboltable(midpoint).kind = which z=> TRUE

Teat Path 4:0 1 2 3 4 5 6 8 13 14 3 15 16 17
148( 3): low /= high ==> TRUE
150( 6): item < llsymbeltable(midpoint).key =-> FALSE
152( 8): item = llaymboltable(midpoint).key ==- FALSE
148( 3): low /= high ==> FALSE

Test Path 5: 0 1 2 3 4 5 6 8 9 11 17
148( 3): low /= high an> TRUE
150( 6): item < liaymboltable(sidpoint).key us> FALSE

152( 8): item = l1symboltable(midpoint).key ==> TRUE
153( 9): llsymboltable(midpoint).kind which us> FALSE

Module Name: llprtstring Complexity:

Test Path 1: 0 1 2 8 9 10
170( 2): i in str'range us> FALSE

Test Path 2: 0 1 2 3 4 5 8 9 10 •
170( 2): 1 in strlrange =a> TRUE
171( 4): str(i) = I ' =a> TRUE

Test Path 3:0 1 2 3 4 6 7 2 8 9 10
170( 2): i in str'range mu> TRUE
171( 4): str(i) =• I ==> FALSE
170( 2): i in str'range ..> FALSE

Module Name: llprttoken Complexity: 2

Test Path 1: 0 1 2 S 6
eiC( 1): llcurtok.printvaluo(l) in 1: .. '' ==> TRUE

Teat Path 2: 0 1 3 4 5 6

Figure 32-8. ACT Cyclomatic Test Paths Listing
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181( 1): llcurtok.printvalue(l) in ' " FALSE

Module Name: Ilskiptoken Complexity: I

Test Path 1: 0 1 2 3 4 5 6 7 8

Test Path 56: 0 1 136 137 165 166
28( 1): caseindex =2> 55

Test Path 57: 0 1 138 139 165 166
28( 1): caseindex m=> 56

Test Path 58: 0 1 140 141 142 165 166
28( 1): caseindex ww> 57

Test Path 59: 0 1 143 144 165 166
28( 1): caseindex =a> 58

Test Path 60: 0 1 145 146 147 165 166
28( 1): caseindex =a> 59

Test Path 61: 0 1 148 149 165 166
28( 1): caseindex =a> 60

Test Path 62: 0 1 150 151 152 165 166
28( 1): caseindex ==> 61

Test Path 63: 0 1 153 154 165 166
28( 1): caseindex ==> 62

Test Path 64: 0 1 155 156 165 166
28( 1): caseindex =a> 63

Test Path 65: 0 1 157 158 165 166
28( 1): caseindex mm> 64

Test Path 66: 0 1 159 160 165 166
28( 1): caseindex =a> 65

Test Path 67: 0 1 161 162 165 166
28( 1): caseindex =a> 66

Test Path 68: 0 1 163 164 165 166
28( 1): caseindex =a> others

Figure 32-8. continued. ACT Cyclomatic Test Paths Listing
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Tested Cyclomatic Test Paths Listing

Program: 11.compile
Date/Time:12/28192 13:36:11

Module Name: llfind Complexity: 5

Test Path 1: 0 1 2 3 4 5 6 8 13 14 3 4 5 6 8 13 14 3 4 5 6 7 14 3 4 5 6 8 13 14
3 4 5 6 8 9 10 17

1481 3): low /- high am> TRUE
150( 6): item < lisymboltable(sidpoint).key m-> FALSE
1521 8): item = llaymboltable(midpoint).key ==> FALSE
148( 3): low /= high a=> TRUE
150( 6): item < llsymboltable(midpoint).key a=> FALSE
1521 8): item a llsyinboltable(midpoint).key zz> FALSE
1481 3): low /x high am> TRUE
IS0 6): item < llsymboltable(midpoint).key an> TRUE
1489 3): low In high =a> TRUE
150( 6): item c lloymboltable(midpoint).key mm> FALSE
1521 8): item = llsyntboltable(midpoint).key mm> FALSE
148( 3): low /z high am> TRUE
150( 6): item < llsymboltable(midpoint).key *a> FALSE
152( 8): item - llsymboltable(midpoint).key am> TRUE
IS31 9): llsymboltabl.(midpoint).kind a which sur TRUE

Test Path 2:0 1 2 3 4 5 6 7 14 3 4 5 6 8 9 10 17
148( 3): low /= high a=> TRUE
150( 6): item < llsymboltable(midpoint).key ==2 TRUE
148( 3): low /s high ==> TRUE
150( 6): item < llsymboltable(midpoint).key ==> FALSE
152( 8): item - llsymboltable(midpoint).kay ==> TRUE
l IS3( 9): llaymboltablo(midpoint).kind a which an> TRUE

Test Path 3: 0 1 2 3 4 5 6 8 13 14 3 4 5 6 7 14 3 4 5 6 7 14 3 4 5 6 7 14 3 4 5
6 8 9 10 17

148( 3): low /a high a=> TRUE
150( 6): item < llsymboltable(midpoint).key =s- FALSE

1521 8): item = llsymboltable(midpoint).key mn> FALSE
148( 3): low /= high 32> TRUE

* 1501 6): item < llsymboltable(midpoint).key mm> TRUE
148i 3): low I/ high x=> TRUE
1501 6): item < llsymboltable(midpoint).key -> TRUE

1481 3): low /= high =m> TRUE
1501 6): item < llsyuboltable(midpoint).key ==> TRUE
148( 3): low /= high =m> TRUE

1501 6): item < llsymboltable(midpoint).key m,> FALSE
1521 8): item a llsyuiboltabl*(midpoint).key m=> TRUE

1531 9): llsymboltable(midpoint).kind = which a=, TRUE

Test Path 4:0 1 2 3 4 5 6 7 14 3 4 5 6 8 13 14 3 4 5 6 8 13 14 3 4 5 6 7 14 3 4
5 6 8 13 14 3 15 16 17

148( 3): low /= high mu> TRUE
150( 6): item < llsymboltable(midpoint).key am> TRUE
148( 3): low /= high ==> TRUE

Figure 32-10. ACT Tested Cyclomatic Paths Using testl.lex and sample.lex
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150( 6): item < llsymbolteble(midpoint).key =s> FALSE

152( 8): item a llsymboltable(midpoint).key ==> FALSE

148( 3): low /a high ==> TRUE
150( 6): item < llsymboltable(midpoint).key ==> FALSE

152( 8): item = llsymboltable(midpoint).key =a> FALSE

148( 3): low /= high =a> TRUE
150( 6): item - llaymboltable(midpoint).key ==> TRUE

148( 3): low J= high m=> TRUE

150( 6): item < lloymboltable(midpoint).koy an> FALSE

lS2( 8): item = lloymboltable(midpoint).key =-> FALSE

148( 3): low I= high ==> FALSE

Test Path 5:0 1 2 3 4 5 6 7 14 3 4 5 6 8 13 14 3 4 5 6 7 14 3 4 
5 6 8 1

3 
14 34

5 6 8 9 11 17
148( 3): low /= high mm-> TRUE
150( 6): item < 1lsymboltable(midpoint).key =a> TRUE

148( 3): low /= high ==> TRUE
150( 6): item r lloymboltable(midpoint).key a=> FALSE

152( 8): item llaymboltable(midpoint).key am> FALSE

148( 3): low /= high ==> TRUE
150( 6): item < l1symboltablo(midpoint).key ==> TRUE
148( 3): low /= high -=> TRUE
1S0( 6): item < llaymboltable(midpoint).key = F> FALSE

152( 8): item = llsymboltable(midpoint).key ==> FALSE
148( 3): low /= high u="> TRUE
150( 6): item < llsyaboltable(midpoint).key ==> FALSE

152( 8): item = llsymboltable(midpoint).key us> TRUE

153( 9): llsymboltable(midpoint).kind = which -=> FALSE •

Module Name: llprtstring Complexity: 3
No Path

Module Name: llprttoken Complexity: 2
No Path

Test Path 31: 0 1 159 160 165 166
28( 1): caseindex am> 65

Teot Path 32: 0 1 13 14 15 16 17 18 165 166
28( 1): caseindex a=> 4

0
Test Path 33: 0 1 83 84 .85 165 166

28( 1): caseindex =a> 33

Test Path 34: 0 1 62 63 64 165 166
28( 1): cassindex a=> 25

Test Path 35: 0 1 128 129 130 131 165 166
28( 1): caseindex ==> 52

Figure 32-10. continued. ACT Tested Cyclomatic Paths using testl.lex and sample.lex
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Untested Cyclowatic Test Paths Listing

Program: 11-compi le
Date/Time:12/28/92 13:36:39

Nodule Name: 1lfind Complexity: 5

No Path

Nodule Name: llprtstring Complexity: 3

Test Path 1: 0 1 2 8 9 10
170( 2): 1 in str'range :=- FALSE

Test Path 2: 0 1 2 3 4 5 8 9 10
170( 2): i in str~range M-> TRUE

171( 4): str(i) a ' I am> TRUE

Test Path 3:0 1 2 3 4 6 7 2 8 9 10

170( 2): i in str'range am> TRUE
171( 4): str(i) = ' I um> FALSE
170( 2): i in str'range aw> FALSE

Module Name: llprttoken Complexity: 2

Test Path 1: 0 1 2 5 6
181( 1): llcurtok.printvalue(1) in ':' "' mu> TRUE

Test Path 2: 0 1 3 4 5 6
181( 1): llcurtok.printvalue(1) in '.! m1 > FALSE

Module Name: llskiptoken Complexity: 1

* Test Path 1: 0 1 2 3 4 5 6 7 8

Module Name: llskipnode Complexity: 1

Test Path 1:0 1 2 3 4 5 6 7 8 9

Module Name: lskipboth Complexity: 1

Test Path 1:0 1 2 3 4 S 6 7 8 9 10

Module Name: lifatal Cor loxity: 1

Test Path 1: 0 1 2 3 4 S 6 7

Module Name: get-character complexity: 3

Toet Path 1: 0 1 2 9 10

Figure 32-11. ACT Untested Cyclomatic Paths Using testl.lex and samnple.Iex
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0

252( 1): end-oftfile(standardinput) a=- TRE

Test Path 2: 0 1 3 7 8 9 10
252( 1): end_of_file(standardinput) ==> PALSr

254( 3): end-of-line(standard-input) am> PALS-O

Test Path 3: 0 1 3 4 S 6 9 10

252( 1): end_of_fiie(standardinput) a=> FALSE

254( 3): end-of-line(standard.input) a-> TRUE

Module Name: cvtestring Complexity: 3

Test Path 1: 0 1 7 8 9
276( 1): 1 in lletrings'range =-> FALSE

Test Path 2:0 1 2 3 4 6 1 7 8 9

276( 1): i in listrings'range a=> TRUE

277( 3): i <= strilast ==> TRUE
276( 1): i in 11strings'range ==> FALSE

Test Path 3:0 1 2 3 S 6 1 7 8 9
276( 1): i in lletrings'range am> TRUE

277( 3): i <= strI'ast we> FALSE
276( 2): i in listrings'range ==.> FALSE

Module Name: maketoken Complexity: 11

Test Path 1: 0 1 2 3 24 25 26 27 28 29 38 39 40

288( 3): node =-u others

306( 27): node ==> char

Test Path 2:0 1 2 3 4 S 6 26 27 28 29 38 39 40

288f 3): node as> char
306( 27): node ==> char

Test Path 28: 0 1 148 149 165 166
28( 1): caseindex on> 60

Test Path 29: 0 1 150 151 152 165 166
28( 1): caseindex ==u 61

Test Path 30: 0 1 153 154 165 166
28( 1): caseindex us> 62

Test Path 31: 0 1 155 1S6 165 166
28( 1): caseindex ==> 63

Test Path 32: 0 1 161 162 165 166
28( 1): caseindex =u> 66

Test Path 33: 0 1 163 164 16S 166
28( 1): caseindex a*> others

Figure 32-11. continued. ACT Untested Cyclomatic Paths Using testl.lex and sample.lex
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Rattlemap Analysis Tool
Nuimerical Called-by Listing

Program : ll..coMpil* Mion Doc 28 13:34:12 1992
Mod# Called module

Mod# Calling module

I 1l..cwiqile

2 expand:1

3 9et..charactor

4 llskipboth

5 llskiptck~n

6 make_.toicen

7 ilmain 1 coie

a match

2 ezcpand;l

9 cvt_string
6 maketoken

10 readgram,
7 ilmain

11 parse
7 l~nain

12 open 10 readgram,

13 buildright
10 readgrein

14 buildseleci
10 readgram

52 llfind
6 naketoken

11 par&*
40 noxt-.string
41 next-character
42 noxt-.identifier
43 next-s.pec..eym

Figure 32-17. BAT Numerical Called-by Listing
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Rattlemap, Analysis Tool
Numerical Calls-to Listing

Program 11_compie Mon Doc 28 13:34:38 1992
Nod# Calling module

Mod# Called module

7 ilmain

2 expandil
8 match

16 teateynch
19 llfatal
61 put-line

3 get...character
63 skip-li.1ne
64 got

4 Illkipboth
22 llnexttoken
39 llprttokn.n
50 llprtstring
61 put..lino
71 put

S llakiptoken
22 linexttoken
39 llprttoken
61 put..lin*
71 put

6 make..tokftn
9 cvt..utring

52 l1it ld

.7 Ilmain
10 readgraa
11 parse

8 match

9 cvt~string

10 readgram
12 open
13 buildright
14 buildsoloct

52 lifind

Figure 32-1 S. BAT Numerical Calls-to Listing
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Battlemap Analysis Tool
Numerical Context Listing

Program : 11..c~mxil Mon Dec 28 13:34:58 1992
Nod* Module Name Letter File Name0

1 11...compile V Ioval/MCC .. .compile-a
2 expand~l Q /Oval/mcc... .compile-&
3 get~charact~r 11 /eval/uxcc...compile.a
4 llekipboth P /*Val/MCC ... compile.a
5 llskiptoken D /oval/mcc.. .compile-a
6 make-token J /*Val/UhCC... .compile-&
7 limain U /*Val/'aCC... .compil*-A
8 match P /oval/MCC... .compile-&
9 cvt~string I IevallMCC. .. .compile-a

10 readgram, N /eval/mcc .. compil.&e
11 parse T /oval/mcc.. .comPilo.a
12 opena (No Cod* Found)
13 bu'ldxight L /oval/mcc .. .compile.&
14 ýtuildweloct H4 /eval/MCC... .compil*.a
15 close (No Code Pound)
16 testsyiich S /ovallmcc. ..cmpile.a
17 expand (No Code Found)
I8 *ram* 0 /oval/mcc .. .coipile-a
19 lifatal a 'eval/mecc.. .compile.&a
20 uynchronite ft /eval/MCC... .Compile..
21 11takeaction A /evaltmcc.. .actions-A
22 ilneittoken K /eval/MCC .. .compile-a
23 ezm't_tokern Ak /eval/mcc. . ... PbodY-a
24 complete..patterns K Ieval/=cc... .up..body-a
25 *mit..pkg...decls Q /eval/mcc .. .up...bd-a
26 omit-advaancejidr o /evallmcc.. .up..body-a
27 *mit..advance-.tir P /oval/mcc,.. .up.body-a
28 *mit..scan-proc Z /oval/mcc... .up-.body-a
29 cvt-ascii m /oval/mcc... .up..body-a
30 liskjpnod* /eval/MCC... .compile-&
31 store..pattern Ac /oval/mcc... .up-.body-a
32 cvt...tring,1 N /eval/mcc. .. .up..body.a
33 repeat A? /oval/mcc ... .UP..bodY-a
34 char.rang* c /oval/mcc. .. p... pbody-a
35 includ*...attern AB /*val./mcc... .up...bdy.a
36 advance R /eval/mcc.. ._.tokons.a
37 complete-pat J /ova,./mcc .. .up..body-a
38 emit..pattern..jatch W /eval/mcc .. .up.body.a
39 llprttokera C IeVAllMCC... .Compile-a
40 noxt-s.trirag G /oval/mcc.. ._.tokens.a
41 next-.charocter D /oval/mcc. ..- tokens.a
42 noxt..idontifier E /oval/mcc.. .-.tokens.a
43 next-spec-sym F /oval/mcc.. .-. tokons.a

S2 11in d A /evallMaCC.. compile-&

Figure 32-19. BAT Numerical Context Listing
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Battlemap Analysis Tool
Numerical Index Listing

Program ll_coayile Mon Dec 28 13:33:50 1992
Mod# Module Name v(G) ev(G) iv(G) (row,col)
flSUUSUUUUUUUUUlSSUa8SUlSSSlSmiSfsmmwlSSSmlUSSSSaSUUUUmSSSSSUZSlflflUSUSSSSZz

1 llcompile 1 1 1 1. 54
2 expand;1 8 1 3 1,109
3 get-character 3 1 3 1,112
4 liskipboth 1 1 1 1.115
5 llskiptoken 1 1 1 1,120
6 make_token 11 1 7 1,123
7 llmain 1 1 1 2, 54
8 match 4 4 1 2,107
9 cvtstring 3 1 1 2,122
10 readgram 6 1 5 3. 6
11 parse 11 1 9 3, 59
12 open 0 0 0 4, 1
13 buildright 10 4 9 4, 6
14 builduelect 2 1 2 4, 9
15 close 0 0 0 4, 10
16 testsynch 3 1 2 4, 59
17 expand 0 0 0 4,104
18 erase 3 3 1 4,105
19 llfatal 1 1 1 5, 15
20 synchronize 9 4 5 5. 60
21 litakeaction 68 1 40 6, 58
22 llnexttoken 2 1 1 6, 99
23 emittoken 11 9 8 7, 23
24 complete_.patterns 2 1 2 7. 36
25 emit.pkg..decls 3 1 3 7, 48
26 emitadvancehdr 1 1 1 7, 51
27 emitadvancetlr 1 1 1 7, 53
28 amitscanproc 4 1 4 7, 64
29 cvtrascii 10 1 1 7, 76
30 11skipnode 1 1 1 7, 79
31 store..pattern 6 5 2 7, 83
32 cvt-string;1 4 4 2 7, 85
33 repeat 3 1 1 7, 87
34 charrange 3 1 1 7, 88
35 includespattern 2 1 2 7, 92
36 advance 8 4 8 7, 99
37 complete-pat 12 1 9 8, 36
38 emit-patternpatch. 19 1 19 8, 66
39 llprttoken 2 1 2 8, 80
40 next-string 4 3 2 8, 99
41 nextcharacter 3 1 3 8.101
42 nextidentifier 4 1 3 8,102
43 next-specsym 10 1 10 8,103

52 llfind 5 4 1 9,100

Figure 32-20. BAT Numerical Index Listing
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SUSTREES AND ASSOCIATED
INTEGRATION TEST CONDITIONS FOR PROGRAM llcompile
ROOT MODULE OF PROGRAM: ll_cosile
NO DESIGN REDUCTION

SUSTREE #1:
ll_c=pile > llmain > readgram > [open] < readgram ( [get) < readgram

> iskipline] < readgram > [close] < readgram < llmain > parse > llfind
- parse > llfind < parse > 1lnewttoken > advance < llnexttoken < parse
< llmain < llcompile

DID-TO-DID TEST CONDITION LIST FOR SUBTREE 61:
readgram 466(2): 1 in 1 lltablesize u= FALSE
readgram 482(18): i in 1 llprodsize ==• FALSE
readgram 491(27): i in 1 llsynchsize -rn FALSE

llfind 148(3): low /= high an> FALSE
llfind 148(3): low /a high us> FALSE

advance 200(2): (current.char = ascii.etx) or (current-char = ascii.ht) or (currentc.
advance 212(14): currentchar = ascii..ot us> TRUE

llnexttoken 342(2): lleatoks =a> FALSE
parse 680(13): 1ltop /w 0 ww> FALSE
parse 713(42): llcurtok.tableindex /a liloceos =a-, FALSE

SUBTREE #2:
1l-compile llmain > readgram > [open] < readgram > (get] < readgram

> [skip-line] < readgram > (get] < readgram > (skip-line) < readgram
• (close] < readgram < limain > parse •> 1find < parse > llfind < pars.
> llnexttoken > advance < llnexttoken < parse < 1lmain < ll_compile

END-TO-END TEST CONDITION LIST FOR SUBTREE 62:
readgram 466(2): i in 1 .. iltablesize s-> TRUE
readgram 467(4): j in 1 llstringlength *.> FALSE
readgram 472(10): ch = g us> TRUE

readgram 466(2): i in 1 .. litablesize ur> FALSE
readgram 482(18): i in 1 .. llprodsize =urn FALSE
readgram 491(27): i in 1 .. llsynchsize am> FALSE
llfind 148(3): low /= high ur> FALSE
llfind 148(3): low /a high u:• FALSE
advance 200(2): (currentchar a ascii.etx) or (currentchar : ascii.ht) or (current-c
advance 212(14): currentchar a ascii.sot ur> TRUE
llnexttoken 342(2): ileotoke =m> FALSE
parse 680(13): lltop /n 0 a=> FALSE
parse 713(42): 11curtok.tableindex /a llloceos a=> FALSE

SUBTREE #3:
11.compile > llmain > readgram ( [open] < readgram > (get] < readgram
( [skip-line] < roadgram > [get) < readgram > [get] < readgram > (get)

< readgram > [skipline] < readgram > buildright - readgram • buildselect
S[skip-line] < build-elect < readgram > (close] < readgram < l1main > parse
• llftnd < parse • llfind < parse > llnexttoken > advance < llnexttoken
< parse llmaian < ll-comile

Figure 32-22. BAT Cyclomatic Subtrees
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END-TO-EID TEST CONDITION LIST FOR SUSTREE #3:
roadgram 466(2): i in 1 .ltablesize un> FALSE
readgram 482(18): i in 1 .. liprodsize wm=> TRUE

buildright 397(3): i in thisrhs + 1 .. thisrhs + productione(whichprod).cardrhs =u:

buildselect 455(2): i in I .. productions(whichprod).cardsel ur=> FALSE
roadgram 482(18): i in 1 .Uprodsize =a> FALSE
readgram 491(27): i in 1 llsynchsize ==> FALSE
llfind 148(3): low /= high =r> FALSE
ilfind 148(3M: low /z high urn• FALSE

advance 200(21: (current-char = ascii.&tx) or (currentchar = ascii.ht) or tcurrent
advance 212(14): current.char - ascii.ect --> TRUE
llnexttoken 342(2): lleotoks un> FALSE
parse 680(13): lltop /= 0 ==> FALSE

parse 713(42): llcurtok.tableindex /a llloceos ur> FALSE

SUBTREE #4:
11.compile > lluain > readgram - (open) < readgram > (get) < readgrafm

SUBTREE #315,
1lcompil* > ilmain > readgram > [open) < readgram > (get] < readgram

• (skip-linej < readgram > (close] < readgram < llmain > parse > llfind

< parse > llfind < parse i llnexttoken > advance < llnexttoken < parse
testeynch > synchronize > (putj < synchronize > llprttoken > llprtscring

[ (put] llprtetring > (put] < llprtstring < llprttoken < synchronize
* (put) < synchronize • [put] < synchronize > (put-line] < synchronize* testsynch < parse < llmain < llcoile

END-TO-END TEST CONDITION LIST FOR SUMWEE #315:
readgram 466(2): i in 1 lltablesize =a> FALSE
readgram 482(18): i in 1 .. llprodsize =r> FALSE
readgram 491(27): i in 1 lasynchsize a=> FALSE
llfind 148(3): low /= high =m> FALSE
l1find 148(3): low /m high -- > FALSE
advance 200(2): (current-char = ascii.etx) or (currentchar = ascii.ht) or (current
advance 212(14): currentchar a ascii.eot umn> TRUE
llnexttoken 342(2): lleotoks us- FALSE
parse 680(13): 11top /= 0 :=> TRUE
parse 682(16): llstack(llxentptr).data.kind um> group I literal
parse 684(17): llstack(llsentptr).data.tableindex a llcurtok.tableindex u=> FALSE
parse 688(20): llstack(llsentptr).data.tableindex a locofnull ==> rALSE
parse 690(22): not llstack(llsentptr).lastchild ==> TRUE
parse 691(23): llstack(llsentptr + 1).data.kind = patch ws> FALSE
testeynch 654(1): llstack(llsentptr).data.synchindex 0 am> FALSE
llprttoken 181(1): llcurtok.printvalue(l) in 'I' . " > TRUE
11prtstring 170(2): i in str'range =a> FALSE
synchronize 610(8): synchdata(i).sent /w 0 a=> FALSE
synchronize 643(36): llcurtok.tableindex a llloceos ==> TRUE
parse 706(37): lladvance a=> FALSE
parse 680(13): lltop /a 0 no> FALSE
parse 713(42): llcurtok.tableindex /m l1loceos ==, FALSE

Figure 32-22. continued. BAT Cyclomatic Subtrees
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UNTESTD SUSTREKS AND ASSOCIATED
* INTBRATION TEST CONDITIONS FOR PROGRAM l1..compie

ROOT MODULE OF PROGRAM; 1l..Compile
NO DESIGN REDUCTION

UNTESTED SUM~ER #1:
l1..ccMpiie 2- Ilmain > roadgrazm > (open] < readgram > (get]! readgram
-~(skipjlinel < readgram > [close] < readgraa < limain > parse > lltind

< parse. > litind < parse > llnexttoken -P advance -j look..ah~ad > get..char
< look~ahead < advance < llnexttokon < parse < ilmain -c l1.ccmil&

ZND-TO-DID TEST CONDITION LIST FOR UNTESTED SUNTREE 01:
readgraum 466(2): 1 in 1I. litablesize, mn-> FALSE
readgram 482(18): i in 1 Ilprodsise no> FALSE
readgram 491(27): i in 1 llsynchsize on-, FALSE
iltind 148(3): low /a high arn> TRUE
lifind 150(6): item <~ llsymboltablo(uidpoint).key wmu> TRUE
litind 148(3): low /. high am> TRUE
llfind 150(6): item < llaymboltabie(midpoint).key -r> FALSE
lit md 1M(8: item a lloyniboltable(midpoint).key uan,- TRUE
llit ld 153(9): 11uymboltable(midpoint).kind a which urn>. TRUE
litind 148(3): low /n high =-n> TRUE
llfind 150(6): item < lloymboltabl*(midpoint).key ---> TRUE

*litind 148(3): low /a high ==> TRUE
lfit ld 150(6): item < llsymboltable(midpoint).key =>FALSE

lltind 15(8: item = llsymboltable(midpoint).key .>TRUE

llfit d 153(9): lloyumboltable(midpoint).kind = which m-i- TRUE
advance 200(2): (current-.char aascii.otx) or (current..char a ascii.ht) or (current..c:
advance 204(4): current-.char 11 an > TRUE
get..char 58(1): end~of-file (standardjinput) a=> TRUE
advance 206(6): look..char /a us> TRUE
advance 212(14). current..char -ascii.eot -xu> TRUE
llnexttoken 342(2): lesotoks an> FALSE
parse 680(13): iltop /= 0 2==> FALSE
parse 713(42): llaurtok.tabloindox /a illoceos arn> FALSE

UNTESTED SUBTREE #2:
ll~compile -> limain >readgram -> (open] < readgram *ý (get) < readgraa

* > ~(sk~ip..linel < readgream > (get) < readgrem > (get) < readgram > (skip..linoJ
< readgram > (close] < readgrain < llnain > parse > Miind < parse > Mlind
< parse > llnexttoken, * advance > lookashoad > get~char < look..ahead
< advance < llneittokon < parse < 11.uain c 11.ccupile

ZND-TO-END TEST CONDITION LIST FOR UWI'ESTED SUITREE #2:
readgram 466(2): i in 1I. litablesize ams> FALSE

* readgrazn 482(18): i in 1 .. lprodsize a=>j FALSE
readgram 491(27): i in 1 llsynchaize an> TRUE
readgram 491(27): 1 in 1 .. lsynchsize mu>ý FALSE
Miind 148(0): low /a high =a> TRUE
litnd 150(6: item~ <llsyuboltable(aidpoint).koy n-> TRUE
llfind 148(31t low /a high anu> TRUE
Mlind 150(6: item - lloyaboitable(sidpoint).koy a=> FALSE
Mitnd 152(8): item a llsymboltabl*(midpoint).key an> TRUE

Figure 32-23. BAT Untested Cy- omnatic Subtrees

149



ilfind 153(9): lisyaboltabl*(midpoint).kind a which a=> TRUE
ilfind 148(3): low /- high arn> TRUE
llfind 150(6: item < lloymboltable(midpoiflt).key -=> TRUE
llfind 148(3): low /a high -=> TRUE
lltind I50OM: item c lloymboltablo(m~idpoint).key an> FALSE
ltfind 152(8): item = llsymboltable(midpoint).key ==> TRUE
Iltind 153(9): lloymboltableimidpoint).kifld - which aa>- TRUE
advance 200(2): (current..char uascii.etx) or (currentechar a ascii.ht) or (current-.c
advance 204(4): current-.char =I-' an> TRUE
get..char 58(1): onc~of~file(standard..jnput) ==i, TRUE
advance 206(6): look..char /z -' us> TRUE
advance 212(14): current,.char uascii.eot w-> TRUE
llnoxttoken 342(2): ileotoks as> FALSE
parse 680(13): iltop /- 0 san> FALSE
parse 713(42): llcurtok.tableindox /= liloceos =a> FALSE

UNTESTE SUBTREE 03:
i1-compile > ilmain > readgroa > (open) < readgraa > (get) < readgrea
> skip-.line] < readgram > (get) < readgram > (get) < readgrein - (get)

< roadgram -- (skipl2ine] < readgram > buildright < readgraa > buildselect
> (skipjlinel < buildsoiect < readgram > (close] < readgraa < imain > parse9

> lfitd < parse > llin d < parse > ilneittoken > advance > looka&head
9*gt~char <c look~ahead < advance < linexttoken < pars*e< limain < l1.ccwilo

DID-TO-END TEST CONDITION LIST FOR UNTESTED SUBTRER #3:
readgrani 466(2): i in 1 litablesise as> FALSE
readgraza 482(18): ± in 1 llprodsize, us> TRUE
bujidright 397(3): i in thisrhs * 1 . thisrhs + productions(whichprodl.cardrhs a>F.

buildselect 455(2): 1 in 1 . productione(whichprod).cardsel ==ý FALSE
readgrazn 482(18): i in 1 ilprodsize an-- FALSE
readgram 491(27): i in 1 lisynchsiz* an> FALSE
l1it d 148(3): low /= high aus> TRUE
llfitd 150(6: item < llsyuboitabie(midpoint).key nza> TRUE
lifind 248(3). low /a high no> TRUE
l1it d 150(6): item < liuymboitable(midpoint).key zz> FALSE
llfitd 152(8): item a lluymboltabl*(midpoint).key nu> TRUE
l1it d 153(9): llsynboltabl*(midpoint).kind = which us> TRUE
lltind 14803): low /m high as> TU
lifind I50(6: item < llsyv~oltable(midpoint).key us> TRUE
lifind 148(3): low /z high ==-j TRUE
llfind 150(6): item < llsymboltabl*(nidpoint).key a=> FALSE
llfitd 152(8): item m llsymboltable(midpoint).key -s> TRUE
llfitd 153(9): llsymboltable(midpoint).kinid a which =a-, TRUE
advance 200(2): (cuarrent~char aascii.etjc) or (current..char a ascii.ht) or (current..c-
advance 204(4): current-char 11 '- > TRUE
got-char S8(2): end_of_file(standrA&..inpu.t) as> TRUE
advance 206(6): look~char /a us a> TRUE
advance 212(14): current~char =ascii .eot us> TRUE
linexttokon 342(2): lleotoks an> FALSE
parse 680(13): litop /= 0 a=> FALSE
parse 713(42): llcurtok.tabieindex /a liloceos an> FALSE

Figure 32-23. continued. BAT Untested Cyclomatic Subtrees;
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* StJ3TRM AND ASSOCIATED
fINTSMATIOII TEST CONDITIONS FOR PROGRAM lL-compilo
ROOT MODULE OF PROORAM: 1llc=Wile

SUSTIEE 01:
ll~ca~il* - 11min- readgran (open) < readgran (got) < r*adgrau
(skip-.linel < readgram ý, [close] < roadgram llsain > parse > lltind

< parse -- 111 md < parse > lln~xttoken -ý advance < lln~xttoken < parse

uVD-TO-3M TIMT CONIDITION LIST FOR SUMERE 01:
roadgram 466(2): 1 in 1I. litableuiz. an> FALSE
readgraw 482(16): ± in 1 .. lprodsize aww FALSE
readaram 491(27): 1 in 1 llsynobsize mz-> FALSE

* illiind 14803): low /a high anS> YALUE
l1ifnd 148(3): low /a high as>, FALSE
advance 200(2): (current..char = ascii.etx) or (current..char aaseii.ht) or (cuxrrnt-c.
advance 212 (14): curront..ebar z ascii .eot us> TRUEl
11nexttoken 342(2): leootoks a=> FALSE
parse 680(23): lltop /a 0 cc> FALSE
parse 713(42): llcurtok.tableindex /a liloceos mms> FALSE

SUSTREE #2:
1-cowil* -3 ilmain > readgraa ->- (open)] roadgra. (getl < readgran
(skip~linol < readgram > (get) < readgran - (skip-line] < readgran

>(close] < readgran < 1lmain > parse >- llit d < parse -. lltind < parse
> llnexttoken > advance <c llnexttoksn -c parse < 11min < ll..ca~il*

ZND-TO-ZND TEST CONDITION LIST FOR 51331313 02:
*readgram 466(2): i in 1 l1tablesize am> TRUE

roadgran 467(4): j in I .. llstringlength a-a. FALSE
readgra. 472(10): ch a 'g' mu>- TRUE
readgrsan 466(2)s 1 in 1 lltablesizo an> FALSE
readgram 482(18): 1 in 1 llproduize as>j. FALSE
readgraw 491(27): 1 in I lisynchsize as> FALSE
llfind 148(3): low /a high an> FALSE

* ilfind 148(3): low /a high a>FALSE

advance 200(2): (current-.char a ascii-otx or (current-..char aascii.ht) or (current..c*
advance 212(14): current-.char a ascii.eot m-> TRUE
ilnexttoken 342(2): leootoks zzs> FALSE
parse 680(13): lltep /s 0 =a> FALSE
pars* 713(42): llcurtok~tableindex /a liloceos ==> FALSE

* SUBTREE 03:
11-ccupile > linain > readgra. > [open) < readgram -j (get) <c readgran

>[skip-lin) < readgram > (get] < readgras > (get] < readgram >. (get]
<readgwas > (skip-line] < readers.>ý- buildright, c readgran > buildsolect
> skip~linel < buildselect < readeran > (close] < readgran < 11min > parse
1 liind < parse -> 11! md < parse > llnexttoken > advance < lineittoken

< parse -c ilmain < llc=Vile

Figure 32-24. BAT Design Subtrecs
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ZND-TO-ZND TEST CONDITION LIST FOR SUITUES #3:
roadgraa 466(2)t i in 1 lltablesix* =a-- FALSE
roadgram 482(18): i in I .. lprodsize as-, TRUE
bujidright 397(3): i in thisrhe + 1. .. thisrho + productions(whichprod).cardrhs Pm
buildseloct 455(2): i in 1 . productions(whichprod).cardsol smu> FALSE
reedgraa 492(18): 1 in 1 llprodsize -a-. FALSE
roadgram 492127): 1 in 1 lseynchsix. on> FALSE
llfind 148(3): low /m high as> FALSE
ilfind 148(3): low /a high me> FALSE
advance 200(2):. (current-char u asojiietx) or (curr~nt..char a ascii.ht) or (current-c
advance 212(14): current-char . ascii.eot s=m> TRUE
llnexttok~n 342(2): liectoks a"> FALSR
parse 680(13): litop /a 0 mu> FALSE
parse 713(42): llcurtok.tableindex /m illoceos mm>. FALSE

SUBTRRE #4:
ll..compilo > limain > readgram > (open] < readgram -> [get) <readgram

SUTRIMTE #197:
11..ccmpilo Ilmain -> readgraui > (open] < readgram~ > (get] < readgran
[skip-.line) readgrem >[close] < readgram < linain > parse I lfind

Sparse > llfind < parse > llneittoken > advance < llnexttoken < parse
teatsynch >, synchronize >ý (put] < synchronize -> llprttoken > 1lprtstring

>[put) < llprtstring > (put) <c llprtstring < llprttoken < qynchronize
>[put) < synchronize >ý (put] <c synchronize > (put~line! < synchronize

< teatoynch <pars* < 11aain <c ll1comil

DID-TO-END TEST CONDITION LIST FOR SUSTREE #197:
readgram 466(2)t 1 in 1 litablesize ==> FALSE
readgram 482(18): i in 1 .. .prodsixo us-. FALSE
roadgram 491(27): 1 in 1 ilsynahsize ==> FALSE
ilfind 149(3): low /a high ms-- FALSE
11! md 148(3): low /m high smm> FALSE
advance 200(2): (current-.char - ascii.etx) or (curront...cher =ascii.ht) or (current~c'
advance 212(14): curront~cbar a ascii.eot amm> TRUE
llnexttoken 342(2): lesotoks =m>- FALSE
pars. 680(13): Iltop /a 0 *a> TRUE
parse 682(16): Ilstack(llsentptr).data.kind as> group I literal
pars* 684(17): llstack(llsentptr) .data. tableindex m licurtok. tableindox =a> FALSE
parse 688(20): llstack(llsentptr).data.tebleindex a locofnull a=-, FALSE
parse 690(22): not llstack(llsentptr).lastchild us> TRUE
parse 691(23): llstack~llsontptr + 1).data.kind - patch m>FALSE

testsynch G54(1: llstack(Ilsentptr).data.synchindex m0 an> FALSE
llprttoken 181(1): llcurtok.printvalue(l) in 1' ' m>TRUE

llprtstring 170(2): i in str~range mm> FALSE
synchronize 610(8): synchdata(i).zsnt /a 0 no> FALSE
synchronize 643 (36): licurtok.tableindex a illoceos =a> TRUE
parse 706(37): lladvance so> FALSE
parse 680(13): litop, /a 0 us> FALSE
parse 713(42): llcurtok.tableindax /a liloceos an> FALS

Figure 32-24. continued. BAT Design Subtrees
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* UWIZSTED SUNTROCS AND ASSOCIATED
IMEGORATION TEST CONDMTONS FMR PROGRMMl.omr.
RooT MODU1LE OF PROORAM: 1l..campi 1

UNTESTED SURTRlE 01:
1 1_comil -, Ilsain -> roadgram -j (open) < readgram -o [get) < readgraim
Cekip~linel < readgram > (close) < readgram < llmain -. parse.- llin d

< parese- l1i d. < pares > llnexttaken >advance >. look.,ahead > get char
< look~ah~ad < advance < llnexttoken < parse < limain < ll-.c=Wile

DID-TO-DID TMS CONDITION LIST FOR UMISYU) SIIYREE 01:
roadgraai 466(2): i in 1 litablesize mm.- FALSE
readgraa 482(18): i in 1 liprodsize azl- FALSE
readgram 491(27): i in 1I. lesynchaize as- FALSE

Slitind 148(3): low /a high mm- TRUE
l1in d ISOM4: itm lleynboltabl.(sidpoint).key -- > FALSE
llfitnd 152(8): item a lleymboltabie(midpoint).key so> FALSE
11! md 148(31: low /a high am> TRUE
llfind 150(6): item< lleymboitable(midpoint).key a=> FALSE
Ilitid 152(8): item a llsynboltahle(midpoint).key -=-, FALSE
llfind 148(3): low /m high nmu> TRUE
l1in d 150(6): itm < llsyukboltable(midpoiflt).key mmu> TRUE

* lfind 148(3): low /a high mm-, TRUE
llfind 15S(6: item ' lieymboltablo(midpoint).key am-., FALSE
ltfind 15(8): it.-a llsymboltable(midpoint).key an> FALSE
lifind 148(3): low /a high n=2- TRUE
l1it d 150(6): itsis llsyuboltable(midpoint).key =a> FALSE
litind 152(8): item - llsynboitable(midpoint).key a=> TRUE
llfitd 153(9): lisymboltable(midpoint).kind a which us> TRUE

Iliind 14813): low /s high =a-> TRUE
* ltind I50(6: itm < lleymboltable(midpoint).key smm> FALSE

Ilfitd 152(8): item = lluynboltable(uidpoint).key ma-> FALSE
litind 148(3): low /a high ms-> TRUE
iltind 150(6: item < lleymboltable(sidpoint).key mu-> FALSE
litind 15(8: item a Ileywboitabl*(midpoint).key an> FALSE
ilfind 148(3): low /a high mm>. TRUE
llit d 150(6: itm < llsymboltAble(midpoint).kisy a=> TRUE

*ilfind 148(3): low /a high urn>j TRUE
litind 150(6: item - llsymnboltable(midpoint).key so> FALSE
ltfind 152(8): itm a lleymboltable(midpeint).key =a> FALSE
litind 148(3): low /a high a"> TRUE
litind 1I0(6: iteim< llwyaboltable(midpoint).key an> FALSE
litind 152(8): item a 1.loyaboltable(midpoint).key =am> TRUE
ltfind 15(9): llsymboltable(midpoint).kirid = which umm> TRUE
advance 200(2): (current..char a ascii.etx) or (current-.char =ascii.ht) or (current.c'

*1 advance 204(4): current..char z '-' ma=> TRUE
get-char 58(1: en&..of-ilo(standard..input) mu> TRUE
advance 206(6): look-.char /a an-.> TRUE
advance 212(14): currentoha~r -ascii.eot =m> TRUE
linexttoken 342(2): le~otoke =a> FALSE
pare* 680(13): lltop /a 0 =an> FALSE
parse. 713(42): llcurtck.tableindex /= liloceae orn> FALSE

Figure 32-25. BAT Untested Design Subtrees
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UNTESTED SUSTREE #2:
l1..com~ile --llmain j, readgram >. (open) < readgsam > [get) 4 readgram
>(ukip..lino) < readgram > (get) < readgrem > (get] - readgram ý- Kekip~i~nel

< readgram > [close) creadgram < Iiinain > parse -- litind < parse >~ ltfind
< parse > llnexttaken > advance ý- look~abead > get~char < look...head
< advance < llneittoken < parse < limain < 11..am~ile

=D-TO-ZND TEST CONDITION LIST FOR UNT=T3 SURTREE 02:
readgram 466(2): 1 in 1 lltablesize as> FALSE
readgram 482(18): i in 1 liprodeixe us FALSE
roadgram 491(27): 1 in 1 lisynchsiz. a-> TRUE
readgrea 491(27): i in 1 lleynchmizo on-* FALSE
1itind 148(3): low /a high a=3- TRUE
Ilfind ISOM6: item < llsyubaltablo(midpoint).key ==> FALSE
llfitd 152(8): item a llsymbaitable(imidpoint).key an> FALSE
litind 148(3): low /a high nm,ý TRUE
l1it d 150OM: itm < llsymboitabl*(midpoint).key =>FALSE

11! md 152(8): item a lluymboltable(sidpoint).key u.FALSE

lifind 146(3): low /a high an> TRUE
lifiad 1IS(6: item < llsymboltiable(midpoint).key =uTRUE
iltind 148(0): low / a high TRUE111
11! md 150(6: item < lisymboltable(sidpoint).key s FALSE
litind 152(g): item a luoyuboitablo(midpoint).key a*> FALSE
ltfind 148(3): low /a high W.> TRUE
lin d 1IS(M: iteim < lluymboltsble(midpoint).key a FALSE
Ilfind 152(8): item a llsymboltable(midpoint).key a TRUE
lltind 153(9): llsymboltable(uidpoint).kind a which mmuý TRUE
llfind 148(3)z low /a high an> TRUE
l1it d 150(6: item <c llsymiboltabl*(midpoint).key a FALSE
litind 152(8): item a llsy~boitable(uidpoint).key * FALSE
Miind 168(3): low /a high a=-- TRUE
litind 150(6: item < 11.ymwholtable(midpoint).key a FALSE
lifind 152(8): item a llsymboitablo(uidpoint).key =a> FALSE
litind 148(3): low /a high no> TRUE
l1it d 150(6): item -c lisymboltable(midpoint).key am-> TRUE
l1it d 148(3): low /a high =a-. TRUE
Min d 150(6): item < llsymboltabl*(aidpoint).key us> FALSE
litind 152(8): iteim - Iliywholtable(midpoint).key am> FALSE
litind 148(3): low /a high an3m TRUE
l1in d 150(6: item < lisymboltabl*(.idpoint).key amn> FALSE
litind 15(8: item a 1lsyuboltable(midpoint).key an> TRUE
iltind 153(9)% llsymboltablo(aidpoint).kind a which mma> TRUE
advance 200(2): (current-.char =ascii.otx) or (current..char =aucii.ht) or (curront..c
advance 204(4): current..cher u -, .. 1, TRUTE
get-.char 58(1): end...f..file(standard-inputl am> TRUE
advance 206(6): look...char /a a= > TRUE
advance 212(14): current..ehar aascii.eot sm-> TRUE
llinettoken 342(2): Ileotoks =a> FALSE
parse 680(13): litop /a 0 =a> FALSE
parse 713(42): ilcurtok.tabloindox /a i~leceom an> FALSE

Figure 32-25. continued. BAT Untested Design Subtrees,
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BRANCHN ETRICS FOR PROGRAM 11-compile

M.ODLE #BRANCHES

* e~~mit..advance_hdr1
Ilfatal1
Ilskiptoken1
llskipnod*
Illulipboth1
look-ahead1
euit..advanco_tlr1

llprttoken 3
llnexttoken 3
buildaslect 3
complet*_.patterns 3
include...pattern 3
Serg*-.raziges 3

*cowlet...opt 4
option 4
repeat 4
testsynch 5
looiL.up..patterfl 5

Ilfind 9
readgrazm 11
store-pattern 11
emit..char 12
coeplet*_.cofcat 13
CCoqItealt 15
advance i5
m~ak*_token is
buildright 15

*expand;1 15
einitaele*ct 17
campletepamt 17
tail 17
synchronize 17
next. ..pec..sym 19
emit..tokon 19
parse 19
cvt~ascii 19
restrict 24
alternate 21
reuolve~aabiguity 29
emirpjattern-joatch 32
Iltakeaction 69

Figure 32-26. BAT Branch Count Metrics
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morULE CYCLO(ATIC COMPLEXITY v(G) FOR PROGRAIM 1 lcipile

MOD # MODULE ACTUAL COMPLEXITY vs v(G)

S2 llfind 5 5 0
50 Ilprtstring 0 3
39 1lprttoken 0 2

S leskiptoken 0 1
30 1lskipnode 0 1

4 llskipboth 0 1
19 lifatal 0 1
3 get-character 0 3
9 cvt-_tring 0 3
6 make token 0 11

22 llnexttoken 2 2
13 buildright 7 I0
14 buildeelect 1 2
10 readgram 1 6
18 erase 3 3

8 match 2 4
2 expand;1 6 8

20 synchronize 0 9
16 testaynch 0 3
11 parse 2 11

7 llmain 1 1
I 11.compile 1 1

57 get-char 3 3
51 char advance 3 3
53 lookahead 1 1
41 next-character 1 3
42 nextidentifier 3 4
43 next-spec-sym 7 10
40 nextstring 1 4
36 advance 7 a
72 margeranges 1 2 5
70 alternate 6 14
34 charrange 2 3

49 emit_concat_right 3 3
38 emit.pattern.._atch 12 19
68 .mit-char 2 11
62 emit-select 5 10
28 emit-scan.proc 2 4
23 emit-tokon 5 11
35 includepattern 1 2
60 lookahead;1 0 1
46 lookup.pattern 2 3
66 option 1 3
33 repeat 1 3
31 storepattern 2 6 5
21 litakeaction 35 68

Figure 32-29. Instrumentation Tool Module Complexity for testl.lex and sample.lex
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BRANCH METRICS FOR PROGRAM 11_compile

MODULE #BRANCHIES # COVERED %COVERED

11imain 1 1 100
emita&dvanc...hdr 1 1 100
lifatal 1 0 0
llskiptoken 1 0 0
llskipnode 1 0 0
llukipboth 1 0 0

look~ahead 1 1 100
*emitadvance..tlr 1 1 100

11..compil* 1 1 100
look..ahead;1 1 0 0
1iprttoken 3 0 0
1lnexttoken 3 3 100
bujidselect 3 3 100
complete...patterns 3 3 100
includ...pattern 3 2 66

*mergeranges 3 3 100
complete-.opt 4 2 50
option 4 2 50
repeat 4 2 so
testsynch 5 0 0
look...up..pattern 5 4 s0
eras* 5 5 100

*got-char 5 S 100
char_advance 5 5 100
cvt~string 5 0 0
next~charactor 5 2 40
eait..concat-right 5 5 100
omit..pkg..decla 5 4 so
1lprtstring 5 0 0
char...range 5 S 100

*entit..pattorn..name 5 0 0
get~character 5 0 0
emit~scan..proc 7 6 as
emit~alt~casos 7 7 100
*mit..pattern..nazme;l 7 6 85
next-identifier 7 6 85
next-string 7 5 71
cvt~string;l 7 5 71

*match 7 5 71
concatenate 7 5 71
emit_coneat~caseu 8 7 87
1lfind 9 9 100
readgram 11 11 100
store-.pattorn 11 6 54

*emit..pattornjmatch 32 23 71
litakeaction 69 36 52

Figure 32-30. Instrumentation Tool Branch Coverage for testl.lex and sampledlex
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Test ing Summary

Program : 1Lcompile Mon Dec 28 13:29:30 1992

Root expand;l 82 out of 178 design subtrees tested.

Root get-character 0 out of 3 design subtrees tested.
Root 11.compile 89 out of 197 design subtrees tested.

Root llskipboth 19 out of 28 design subtrees tested.
Root llskiptoken 19 out of 28 design subtrees tested.

Root make-token 1 out of I design subtrees tested.

The following modules have not been executed:

llprtstring 3 paths untested ).

llprttoken 2 paths untested ).

llskiptoken 1 path untested ).

llskipnode 1 path untested ).

llskipboth 1 path untested ).

lifatal 1 path untested ).
getcharacter 3 paths untested 2.

cvtstring 3 paths untested ).

make-token 11 paths untested ).

synchronize 9 paths untested ).
testsynch 3 paths untested 2.

emitpatternname 3 paths untested ).

lookahead;l 1 path untested ).

The following modules have been partially tested:
buildright 7 of 10 paths tested
buildselect 1 of 2 paths tested
readgram I of 6 paths tested .
match 2 of 4 paths tested

expand;l 6 of 8 paths tested
parse 2 of 11 paths tested

nextcharacter 1 of 3 paths tested
nextidentifier 3 of 4 paths tested

next-spec-sym 7 of 10 paths tested
next-string 1 of 4 paths tested
advance 7 of 8 paths tested .

merge-ranges I of 2 paths tested

alternate 6 of 14 paths tested
char_range 2 of 3 paths tested

restrict 7 of 14 paths tested
tail 2 of 11 paths tested
resolve_ambiguity 1 of 15 paths tested
complete-Alt 3 of 8 paths tested .

complete.concat 4 of 8 paths tested

complete*opt 1 of 3 paths tested
complete-pat 6 of 12 paths tested
complete-.patterns 1 of 2 paths tested

concatenate 2 of 4 paths tested
cvt_ascii 1 of 10 paths tested

cvt_string;l 1 of 4 paths tested 2.

Figure 31-31. Instrumentation Tool Testing Summary for test l.lex and sample.lex
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emit_pkg-decls 1 of 3 paths tested
emitpattern.nms,;l 3 of 4 paths tested
emit.altcases 3 of 4 paths tested
emit-concat-cases 4 of 5 paths tested
emitpatternmatch 12 of 19 paths tested
emit-char 2 of 11 paths tested
emit-select 5 of 10 paths tested
emitscan.proc 2 of 4 paths tested
emit-token 5 of 11 paths tested
include-pattern 1 of 2 paths tested
look-up_.pattern 2 of 3 paths tested
option 1 of 3 paths tested
repeat I of 3 paths tested
store-pattern 2 of 6 paths tested
Iltakeaction 35 of 68 paths tested

The following modules have full path coverage:
l1find 5 paths tested
llnexttoken 2 paths tested
erase 3 paths tested
limain 1 path tested
ll_ccmpile 1 path tested
get-char 3 paths tested
char_advance 3 paths tested
look_ahead 1 path tested
emit_advancehdr 1 path tested
omit_advance_tlr 1 path tested
emitconcat-right 3 paths tested

Figure 32-3 1. continued. Instrumentation Tool Testing Summary for testl.lex and sam-
ple.lex

* PROGRAM DESIGN COMPLEXITY FOR PROGRAM ll-compile
ROOT MODULE OF PROGRAM: ll_compile
DESIGN COMPLEXITY SO: 253
TESTED DESIGN COMPLEXITY: 137
INTEGRATION COMPLEXITY S1 (# OF SUBTREES): 197
TESTED INTEGRATION COMPLEXITY: 89

Figure 32-32. Instrumentation Tool Design Integration Testedness for testl.lex and sam-
ple.lex
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begin

HICH Iu aL hSLNIII * 1;
while mm /a 3101 loop

MIDPOINT to (NIM + LOW) /21
if IT3K -C LISYAL (MIDPOINT) 1MY then

HIMH I. a IPOIVT,
emsit XiXK a LLBWOLnNL3 (MIDPOINT) .13 then

if LINOTU (MIDPOINT) .IIND a WHICH then
return ( K0INT )s

* else
return ( 0 )

end if,
else -- ITE)M > LLSYMDOLTASLE(KIDPOINT) .KEY

LOW :. MDPOINT + 1;
end ifs

end loop;
return( 0 ) -item is not in table

* eand LLYMND
begin

LL-TCRKI .ADVZNC( LLHOTOKB. LLCURTO5
if LLU1OTOKS then

LLCUVRTOK. PXnVTVALM is (LLS'IIHG3'ZAN .
LLCURTOI. PRIMTALUZ (1.. 5) soOl. fO
LLWURTOK. TARLHIMMU to LLLOOZOIS

end it;
end LLNMZXTTOIHMs
begin

PRODUCTIONS (NHIONPRD) .33 so THIBNZB + 1;
CNILDCOU11T in 05
for I in THISRKS+l .. THIIINB+IODGCTIOXB (WHICUIROD). Chun=8 loop

if I <m LLHHSSIZ8 then
THIORKS IN THIURHS~ls
QXT( LLMA, CHR
case CH is

* when I'1' =>
CHItLDCOUWT I m OHILDCOUNT+ls
HEHARRAYM (I .IUIIOHXHLD tu m HZLDCOUNWs
R1N8AX0AT(X).IIND is LITIVAL;
MIT( LZdANA, flNARAMNY( I *TABL3INDI

when Ia, .>
RNBARRAT (1) .KIND :-ACTION;

when In' =>
* OCHILDCOUNT to u a.LDCOONT,1,

RHASAY1AYM).WHICCKILD in CHILDCODNWs
RUSARNAYM (IKIND to EONTER1CML,
=UT( LLOH*M, PUNMILMCI).TABL3H1DRX )I

when 'q, m>
OHILDODNYam CHILDCOODNT+ls

X1=MT&Y(I) .UIIOHCHW in - OHLDCOODHT
RUSARRAY(I).IID IN GOUP1

* GUQT ( LL~MA, RUBBARRaY(I) .TA3LUZHD=
when 'p' m>~

RKSARRAY(I).IIHD sm PATCRI
when others *>

-- the llgrazu table is screwed up
PUT ( STAN~DARD-.ERROR,

*** Zuse -- Error in table file (360) ~
raise PARSING_3RROR;

* end cases
if D01CVLXM3( LLGUAX ) then

UNBARRAY(I).CmBUINDU so 0;
else

=T( LLdMAM, uiSARRAr (I) CASXIDZ)
end its;
it 0_LOf-lXK( LLGHAK ) then

* Figure 32-34. SLICE Listing Excerpt
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RNBA1MAT(I).IYTcUIIDE to 01
else

ea" if;
BKIP_.LINI LLMEM ) a

else
-- ligram table is screwed up
PUTLINE C STANDARD...ERRR,

***Zuse -- Error in table file (372) '

-- This is a catastrophic error -- the grammar used to
-- generate the compiler probably contained errors.

raise PARSING_.ERROR;0
end Lif

end loop;
end NUXZLJWMT;
begin

MIb O RCIS (MIICUPRDD).BMLS3 so (others us FALSI); - -inty got
for X in 1 . P1UOCTZOM8(MECEPROD).CAID8NL loop

GUT(C LUMRM, TABLUIIII) Is
PRODUCTIOU (MCUUCUOD) . B3LB53?(YABLUIuD ) :.TRUX;

end loMp;
BKXIPLX4= ( LLmIB),

end SUILDSZW,;
begin - - RXADGUMM

OPM X LMU, IN..IILX, ?TAILU
-- read in symbol tables
for I in I .. LLYANLRWIzZ loo

for j in 1 .. TXQLUT loop
GUT( LLORAK.M-RY ZL mOY3().T6) I

end loops
=UY( LLJAM, CH)
SKIPLIEN( LLGMA )
if CH * g, then

LL1IOLA3Z I).IND to- GROUP
else -- assume ch = 1

and if; AN oXNhL

end loop;
- - read in grammar
YEX5RHS to 0;
OWT( LLGRAM, AKIZO)
8KIP-LIUI C LLGRM )i
for I in I1. LLPRODSIEZ leop

GUY C LLGAMA. PRODUMCYZEM().cazm )y
GMT( WDARM, PRtODvCYZON (I) .CADUL

SKPL M( LLAK I
NUMMDOMI (1)
NIUI82SULUT();

end loop;
- - now read in synchronization info
for I in 1I. LLSTIWCUIzz lOop

GUY ( TIMN 8TWC~hTM() TOUI ); - 11nyboltablU location
CM( LLGAK, 8TTEC1MATA C) .SY Simbdl to skip to

end loop;
CUMSUC LAMN

end PADIKtM
begin

__- only erase if at farthest point to the right in a production
While LLSYACK(LL8UUTPTR) .Lh8TCEILD loop4

- - erase rhs
LLSUUTPYK so LIATACK (LLSUPYR) .PAROT;
i f LLEUITPT = 0 then s tack in esupty

LLTOP :o 0;
LLADVANCN to PAWLM~ don'*t try to advance beyond axiom

Figure 32-34. continued. SLICE Listing Excerpt
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original LLFIND in file ll_ccopile.a:

function LLFIND( ITUI: LLSTRINGS; WHICH: LLSTYLE ) return INT=EGR is

-- Find item in symbol table -- return index or 0 if not found.

* -- Assume. symbol table is sorted in ascending order.

LOW. MIDPOINT, HIGH: INTRGME;

begin
LOW :3 1;

HIGH : LLTA--JSIZE * 1;
while LOW /a HIGH loop

MIDPOINT := (HIGH + LOW) / 2;

if ITEM < LLSYMBOLTABLE(MIDPOINT).1EV then

HIGH := MIDPOINT;
elsif ITEM a LLSYMBOLTABLE(MIDPOINT).K1EY then

if LLSIYUOLTABLE(MIDPOINT) .KIND - WHICH then
return( MIDPOINT );

else
return( 0 );

end if;
*else -- > LLSYM•OLTARLE(MIDPOINT) .KEY

LOW : MIDPOINT + 1;
end if;

end loop;
return( 0 ); -- item is not in table

end LLFIND;

Modified LLFIND in file edit_ll._ompile.a:
From edit_l compile. a:

function LLFIND( ITUE: LLSTRIMS; WHICH: LLSTYLE ) return INTEGER is

-- Find item in symbol table -- return index or 0 if not found.
-- Assumes symbol table is sorted in ascending order.
LOW, MIDPOINT, HIGH: INTEM;

begin
LOW 1;
HIGH :LLTABJLESIZE + 1;
while LOW /: HIGH loop

if ITEM - LaTABLE(LOW) .1E then

if LLSYMDOLTABUX(LOW) .KIND a WHICH then

return( LOW );
else

return( 0 );
end if;

end if;
LOW : LOW + 1;

end loop;
return( 0 ); -- item is not in table

end LLFIND;

Figure 32-36. CodeBreaker Original and Modified Module LLFIND
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,SS11s3*ilniiSSSminSSEBS3 S•inS SSUSitnSUlininSSS~m~SBSin55f= t=,--= = -- = =

MODULE COMPARISON
•~ ~ ~ ~ ~ ~~~... easmlm88sKaul8ssE~ a ... X= ... ======= ==•ta ... =•=ll~

IFILE: /oval/mccabe/work/lllcompile' IFILE: /eval/mccabe/work/editJlco- I

I .a I mpile.a
IMODULE:1lfind IMODULE:llfind;1

Illfind 1 001 Illfind;1

I 148: low /z high --> FALSE I 148: low /a high an> FALSE

I 163: <return> i 159: <return>
1l MATCH

Illfind I 002 tllfind;1

*~~~ I----------------------------------------------------------------------------------
1 148: low /- high --> TRUE I 148: low /= high =a> TRUE I
1 150: item < llsymboltable(midpoin- 1 149: item = llsymboltable(low).key I

I t).key us> TRUE I> TRUE
1*** MISMATCH I I

I -==s -=s msn.SzS. m.....n.S==a•S.S.... =Samola=... SS. S sssl s=

Ilifind 1 003 Illfind;1

------------ ----- T--U--------------- I---------------T-U----------------I*I 148: low /: high us> TRUE 148: low /: high u:> TRUE

I 150: item < llsymboltable(midpoin~ I 149: item = llsymboltable(low).key I
I t).key mu> FALSE I mu> FALSE
I*** MISMATCH I

Ilifind I 004 Illfind;l
I------------------------------------------------------------------------------------------ I
I 148: low /- high =a> TRUE 1 148: low /a high =-> TRUE I
I 150: item < llsymboltable(midpoin" 1 149: item = llsymboltable(low).key I

I t).key m:> FALSE u:> FALSE
1*** MISMATCH I

lilfind I005 Illfind;1
I------------------------------------------------------------------------------I
I 148: low /- high am> TRUE I 148: low/= high On> TRUE
* 150: item < llsymboltable(midpoin- I 149: item llsymboltable(low).key I

I t).key ==> FALSE I =a> FALSE
I*** MISMATCH I I

ANALYSIS

I-----------------------------------------------------------------------------I
Number of basis paths: 5

Number of matches: 1

Number of mismatches: 4
Quantitative level of commonality: 0.20
Qualitative level of cemonality: LOW

I------------------------------------------------------------------------------I
I Options: NO DESIGN REDUCTION
-------------------------------------------------------------------------------------------

Figure 32-38. CodeBreaker Comparison of Modified Against Original LLFIND
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*ssum~sinsw umsssusssus-:€ = sl=a;Js.2.a •s asi nu u 8 su~uammsassss.•z

MODULE COMPARISON
*•88SSSSUSSU*SlmSUZmlSSf IltSflSIS•SSS=KflSSUUfmsmsl=2S2S20222S22fl. fl =

IFILS: /eval/lccaboiwork/edit_11_co" FILE: /eval/accabo/work/ll_compile I
I pile .a I .&

IODULE:llfind;1 IMODULE:llfind

I .ss. uus.3.U2 2.......... S3323222=z322

Illfind;1 I 001 Illfind
I --

I 148: low /= high as> FALSE I 148: low /a high ==> FALSE

I 159: <return> I 163: <return>
II

I* MATCH * I

Illfind;1 I 002 Illfind I

1 --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I

I 148: low /z high us> TRUE 1 148: low /= high ==> TRUE

I 149: item a llsymboltable(low).key 1 150: item < llsymboltable(midpoin- I
I wzý TRUE I t) key =a> TRUE

1'MISMATCH I'

Pllfind;1 1 003 Ilifind
I-----------------------------------------------------------------------------------I
1 148: low /a high ::> TRUE 1 148: low /w high =a> TRUE

1 149: item = llsymboltable(low).key I 150: item < llsymboltable(midpoin I
I :> FALSE I t).key ==> FALSE

I*** MISMATCH

Illfind;1 I 004 Ilifind

I-----------------------------------------------------------------------------
I 148: low /z high =a> TRUE 1 148: low /= high ==> TRUE

I 149: item - llsymboltable(low).key 1 150: item < llsymboltable(midpoin I
I a=> TRUE I t) .key =2> TRUE I

I*** MISMATCH **
* auunamsmuuusuuasu mnuss... Uteutsuum in=: nauauuumsauufluuuuflsninmsu.s

ANALYSIS

----------------------------------------------- ------------------------- INumber of basis paths: 4 O

Number of matches: 1 I

Number of mismatches: 3
Quantitative level of commonality: 0.25

Qualitative level of commnality: MDIUt LOW

I--O-t--o-n-----N---D-E-S------B-D-U---I---------------------------------------------------IOpt~ions: NO DESIGN REDUCTION

+------------------------------------------------------------------

Figure 32-39. CodeBreaker Comparison of Original Against Modified LLFIND
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PROGRAM COMPARISON
,uuumsuusm aasnl l8 szzsusu mzsss~u.susaaaaaua suaumaaaasaauuaaaaaaaaaaaaaa8saasatuu

SIFIL: 11scowpile IFILE: l_cimpile_2

IROOT: 11-compile IROOT: 1l compile.2

IFSLE: l1._owile 1 001 IFILE: 1ll cepilo_2

Iroadgramf Ireadgram()

1 466: i in 1 .ltabicsizo am> FA 1 466: i in 1 11tablemize -- > FAI

I LSEI LSE

1 482: i in 1 11prodsize -n FAL 1 482: i in 1 11prodsize FAL I

I SE I SE

1 491: i in I s11ynchsize un. FA- 491: i in I s11ynchsize Fn A I
I LSE LSEI

I I2 5

lfind() 11find()

I 148: low /a high a=> FALSE 1 148: low /- high ==> FALSE
II

I 148: low /- high =a> FALSE 1 148: low /I high an> FALSE
III

Iadvance() lbcan-pattern()

I 200: (current-char = ascii.otx) or I 125: start_of_line ==> FALSE I

I (currentchar a ascii.ht) or I

I (current-char a ' ' •r (cur-

I rentshar = '-) =n FALSE I
III

I*** MISMATCH "'

IFILE: iLeompile I 002 IFILE: 1l-cceile.2
-----------------------------------------------------------------------------
I readgram () I readgram ()
I 466: i in 1 lltablesize us> TR 1 466: i in 1 l.tablesize am> TR I
I UE I UE

1 467: j in I 11stringlength an> 467: j in 1 llstringlength an>

I FALSE I FALSE

1 472: ch = 'g' ==> TRUE 1 472: ch a 'g' as> TRUE

1 466: i in 1 11tablesize ma> FA- 466: i in 1 - lltablesize* a FA I

I LSE LSE

1 482: i in 1 - lprodsize =s> FAL 1 482: i in 1 llprodsize an> FAL I
SE SE

491: i in I llsynchsize as> FA- 491: i in 1 llsynchsize ma> FA I
11 LSE LSE

111find() 111find( )
I 148: low /a high n-n FALSE I 148: low /- high us> FALMS

Figure 32-40. CodeBreaker Program Comparison
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I 148: low /a high uu• FALSE I 148: low /- high -u> FALSE

Iadvance() Iscan-.ptterrn()
1 200: (currntcbear a ascii.etx) or 1 125: etartof.line ==- FALSE I

I (current.char a ascii.ht) or I

1 (current_..char - '' or (cur"
I rentchar a -') ur> FALSE I

"1-** SMATCH

IFILE: llcopil*e I 003 IFILE: llcompile_2

I-----------------------------------------------------------------------------I
Ireadgramo(I lroadgram()
I 466: i in 1 .. lltablesize ==> FA- I 466: i in 1 .. lltablesiz* -=> FA I

I LSE I LSE

I as== unmm ••=sus.nmm~~sml::ls.m i.•ulS~f SS~fluSSS nsn8flinu=lflfl•u I

IFILE: lloile I 197 IFIL: lLcomile..2
I-----------------------------------------------------------------------------I
Ireadgram() Ir*eadqraa() 1

1 466: i in 1 lltablesize ==> FA 1 466: 1 in 1 lltablesize a> FA I

I LSE I LSE

I 482: i in 1 llprodsize us> FAL 1 482: i in I . llprodsize mu> PAL,"

SE I SE

1 491: i in 1 ,, Ilsynchsiz* =a> FA 1 491: i in 1 .. llsynchsiz ur> FA I
1 LEE I LSE

,1lfind() llfind()
148: low /- high mu> FALSE I 148: low /a high ma> FALSE

1 148: low /a high am> FALSE I 148: low /= high an> FALSE

Iadvance() Iscan._pattern()
1 200: (current_char a ascii..tx) or 1 125: start.of-line an> FALSE I
I (current_char a ascii.ht) or I

(currontchar = ) ' or (cur- I
l rontchar = 1-1) mu> FALSE I

• "* MISMATCH "1

ANALYSIS
----------------------------------------------------------------I

Number of subtrees: 197
Number of matches: 0

Number of mismatches: 191
Quantitative level of commonality: 0.00
Qualitative level of commonality: VERY LOW I

-----------------------------------------------------------------------------------I
I Options: IGNORE MODULE MANES IGNORE MODULE CALLS
---------------------------------------------------------------- +

Figure 32-40. continued. CodeBreaker Program Comparison
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ACRONYMS AND ABBREVIATIONS

ACT Analysis of Complexity

ADADL Ada-based Design and Documentation Language

ADAMA Ada Measurement and Analysis Tool

ATA AdaTEST Analysis

ATH AdaTEST Harness

ATI AdaTEST Instrumentor

BAT Battlemap Analysis Tool

BMD Ballistic Missile Defense

BMDO Ballistic Missile Defense Organization

CASE Computer-aided Software Engineering

CRWG Computer Resources Working Group

DDTs Distributed Defect Tracking System

DPD Data Flow Diagram

DEC Digital Equipment Corporation

ESD Electronic Systems Division

GKS Graphical Kernel System

GPALS Global Protection Against Limited Strikes

IBM International Business Machines

IDA Institute for Defense Analyses

IEEE Institute for Electrical and Electronics Engineers, Inc.

LCSAJ Linear Code Sequence and Jump

LDRA Liverpool Data Research Associates

MALPAS Malvern Program Analysis Suite
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PC Personal Computer

PDL Program Design Language

QA Quality Assurance

RADC Rome Air Development Center

StP Software through Pictures

SDI Strategic Defense Initiative 0

SPC Software Productivity Consortium

START Structured Testing and Requirements Tool

TBGEN Test Bed Generator

TCMON Test Coverage Monitor

TST Test Support Tool

US United States

VDM Vienna Development Method
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